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aircraft  deficiencies  or  shortcomings.  The  OH-58C  was  tested  at  Edwards  Air  Force  Base, 
California  (elevation  2302  feet),  and  alternate  test  site  elevations  of  4120,  and  9980  feet.  A 
total  of  97  flights  were  conducted  ,  for  a  total  of  123.5  flight  hours.  Due  to  the  more  powerful 
T63-A-720  engine  installed  in  the  helicopter,  the  hover  arid  takeoff  capability  at  heavy  gross 
wpiwhfi  and  high  altitudes  and  the  forward  High 7  rHmh  nerforniance  of  the  QH-58C 


DO  F0W‘ 

w  1  JAN  TS 


IS_ 


1473  EDITION  OF  1  NOV  ••  IS  OBSOLETE 


b 


^CURITV  CLASSIFICATION  OF  THIS  PAGE  (When  Derm  Entered) 

4  09  o  xr*  ^3^ 


IgCUgITY  CUAMIflCATtOM  or  THIS  AAaEflWin  Pf  8n(«f»0 


^  significantly  improved  over  the  OH-58A.  Performance  in  terma  of  power  required  and  fuel  flow 
is  slightly  degraded  when  compared  to  the  OH-58A  at  similar  gross  weights  and  altitudes  and  in 
general  did  not  meet  the  estimates  of  the  detail  specification  for  the  OH-58C.  The  handling 
qualities  and  vibrations  of  the  OH-S8C  are  similar  to  the  OH-5  8  A  when  operating  at  similar  gross 
weights  and  altitudes.  Three  handling  qualities  deficiencies  relative  to  the  low  speed  flight  charac¬ 
teristics  were  identified ^The  inadequate  directional  control;  the  tendency  for  the  aircraft  to 
pitch  and  yaw  excessively  in  rearward  flight.  These  >ead  to  the  overall  conclusion  of  unsatis¬ 
factory  low  speed  flight/characteristics.  Another  handling  qualities  deficiency  was  an  aperiodic 
pitch  diveigenceiuiortmd  flight  climbs  at  rates  of  climb  above  1000  ft/min.  This  deficiency  was 
corrested'-wflenthe  engine  infrared  exhaust  stacks  were  replaced  with  standard  exhaust  stacks.  A 
1  lumian  factors  evaluation  of  the  cockpit  revealed  one  deficiency  (the  night  vision  goggle  switch 
1^ —  is  easily  activited  and  renders  the  caution/advisory  panel  unreadable),  and  fourteen  shortcomings. 
Two  maintenance  deficiencies  were  also  noted:  an  easily  clogged  transmission  oil  cooler  system 
and  an  uncommanded  disconnect  of  the  primary  directional  control  system  during  right  side¬ 
ward  flight.  A  total  of  seven  deficiencies  and  23  shortcomings  were  identified.  The  low  speed 
flying  qualities  deficiencies  were  observed  in  the  OH-58A,  but  increased  in  severity  due  to  the 
higher  gross  weight,  higher  altitude  capability  and  primary  mission  change  to  Nap-of-the-Earth 
flight  for  the  OH-58C.  The  easily  clogged  transmission  oil  cooler  deficiency  is  common  to  both 
the  OH-58A  and  C.  The  other  three  deficiencies  are  caused  by  OH-58C  aircraft  changes.  Of  the 
23  shortcomings,  10  were  attributed  to  the  OH-58C  modification  and  12  shortcomings  are 
common  to  both  the  OH-58A  and  C. 


sceumrr  ciaimvicatiom  op  this  s«*  immo 


DRDAV-DI 


DEPARTMENT  OF  THE  ARMY 


HQ,  US  ARMY  AVIATION  RESEARCH  AND  DEVELOPMENT  COMMAND 
P  0  BOX  209,  ST.  LOUIS,  MO  63164 


8 1  DEC 


SUBJECT:  Director  for  Development  and  Qualification  Position  on  the  Final 
Report  of  USAAEFA  Project  No.  76-11-2,  Airworthiness  and  Flight 
Characteristics  Evaluation,  OH-58C  Interim  Scout  Helicopter 


SEE  DISTRIBUTION 


1.  The  Directorate  for  Development  and  Qualification  position  on  the 
subject  report  is  provided  herein.  Paragraph  numbers  from  the  subject 
report  are  provided  for  reference. 

2.  While  the  0H-58C  fell  short  of  the  estimated  performance  as  defined 
in  paragraph  103,  it  exceeded  the  minimum  vertical  rate  of  climb  require¬ 
ment  of  the  ROC  dated  4  Dec  75  based  on  the  following  analysis: 

Equivalent  ROC 

Requirement  at  3000  lbs  Hover  Requirement  Test  Result 

VR0C  -  200  ft/min  2820  ft/95°  F  4350  ft/95°  F 

at  2000  ft/95°  F 

As  stated  in  the  conclusions  (para  99),  while  the  fuel  consumption  is 
increased  due  to  the  higher  drag  resulting  from  the  flat  plate  canopy  to 
reduce  glint  detectability,  the  0H-58C  represents  a  substantial  overall 
performance  improvement  over  the  0H-58A. 

3.  The  Increase  in  gross  weight  of  the  0H-58C  to  3200  lbs  from  the  3000 
pounds  of  the  OH-58A  appears  to  be  a  setback  in  terms  of  vibration  charac¬ 
teristics.  The  vibration  data  contained  in  this  report  and  flight  loads 
data  obtained  during  the  contractor  test  program  will  be  used  to  re-evaluate 
the  never  exceed  speed  (VNE)  limits  of  the  0H-58C  at  3200  lbs. 

a.  Deficiencies 

(1)  Para  100a  -  A  product  improvement  program  is  underway  which 
will  eliminate  the  Inadequate  directional  control  problem  with  the  Increased 
OH-58C  performance  capability.  It  involves  a  larger  tall  rotor  and  poten¬ 
tially  the  incorporation  of  a  3  axis  SCAS.  An  engineering  evaluation  of 
the  larger  tall  rotor  has  been  conducted  and  a  user  evaluation  of  both  the 
larger  tail  rotor  and  SCAS  is  scheduled  for  March,.  1980. 
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Director  for  Development  and  Qualification  Position  on  the  Final 
Report  of  USAAEFA  Project  No.  76-11-2,  Airworthiness  and  Flight 
Characteristics  Evaluation,  0H-58C  Interim  Scout  Helicopter 

(2)  Para  100b  -  The  incorporation  of  a  SCAS  will  eliminate  the 
excessive  pitch  and  yaw  in  rearward  flight. 

(3)  Para  100c  -  Pending  any  incorporation  of  a  SCAS,  the  rate  of 
climb  has  been  limited  to  1000  ft /rain  in  the  Operator's  manual  when  the  IR 
exhaust  stacks  are  installed.  This  eliminates  the  aperiodic  pitch  diver¬ 
gence  discussed  in  this  report  in  that  neutral  stability  will  exist. 

(4)  Para  lOOd  -  Since  the  inspection  time  was  reduced  from  150 
hours  to  50  hours  on  the  OH-58A,  no  field  problems  have  been  reported.  The 
transmission  oil  cooler  system  is  the  same  on  both  the  OH-58A  and  0H-58C. 

Even  if  the  cooler  did  clog,  an  oil  temperature  caution  light  is  included 

in  the  instrument  panel  which  would  allow  pilot  action  before  any  detrimental 
condition  resulted;  therefore,  this  is  not  considered  a  deficiency. 

(5)  Para  lOOe  -  The  manufacturer  inspected  the  disconnect  and  dis¬ 
covered  the  internal  shimming  to  be  out  of  tolerance.  The  disconnects  have 
been  reworked  and  the  acceptance  test  procedure  revised. 

(6)  Para  lOOf  -  A  night  vision  goggle  ENABLE/DISABLE  switch  has 
been  added  to  all  aircraft  solving  this  problem. 

(7)  Para  lOOg  -  The  incorporation  of  a  SCAS  will  eliminate  the 
excessive  pitch,  roll  and  yaw  in  left  sideward  flight. 

b.  Shortcomings 

(1)  Para  101a  and  c  -  The  incorporation  of  a  SCAS  yill  improve 
dynamic  stability,  thus  reducing  the  significance  of  the  poor  static  stabi¬ 
lity  characteristics. 

(2)  Para,  101b  -  No  corrective  action  is  planned  at  this  time,  how¬ 
ever  the  3200  lb  flight  envelope  will  be  re-evaluated  as  mentioned  above. 

(3)  Para  10 Id  -  An  improved,  convex  windshield  has  been  installed 
in  all  0H-58C's  to  solve  the  bowing  and  vibrating  problem. 

(4)  Para  lOle  and  g  -  The  only  way  to  solve  these  problems  is  to 
Install  individual  rheostats  to  all  gauges,  adjusting  to  a  common  light 
level  before  delivery.  This  will  be  considered  in  any  future  instrument 
panel  modification. 

(5)  Para  lOlf  -  Do  not  agree  that  this  is  a  problem.  The  subject 
comments  would  require  dual  Instruments  for  each  pilot  and  necessitate  a 
larger  Instrument  panel,  which  the  user  community  says  is  too  large  now. 

For  "out-of-the  cockpit"  operation,  only  a  torque  limiter  would  improve  the 
situation.  , 
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(6)  Para  lOlh  -  Relocation  of  the  AN/ARN-89  will  be  considered  in 
any  future  instrument  panel  modification. 

(7)  Para  lOli  and  j  -  The  radar  altimeter  has  been  removed  from 
the  aircraft. 

(8)  Para  102a,  b,  c,  e,  g,  i  and  1  -  Military  characteristics  for 
the  procurement  of  the  OH-58A  emphasized  an  extremely  small,  simple  and 
low  cost  aircraft  recognizing  that  to  achieve  this,  many  desirable  military 
features  would  have  to  be  traded  off.  The  OH-58C  was  intended  to  improve 
the  performance,  detectability  and  vulnerability  of  the  OH-58A  with  minimal 
possible  changes.  In  light  of  the  above,  improvements  were  never  intended. 

(9)  Para  102d  -  The,  incorporation  of  a  SCAS  will  eliminate  the 
easily  excited  gust  response. 

(10)  Para  102f  -  This  problem  is  present  on  early  serial  numbered 
OH-58A's.  The  fix,  a  suppression  diode  across  the  magnetic  brake,  will  be 
incorporated  on  all  affected  unmodified  aircraft  during  conversion. 

(11)  Para  102h  -  An  ECP  has  been  requested  from  BHT  to  provide  a 
better  location  of  the  stand-by  compass,  however  this  instrument  is  very 
susceptible  to  Oil,  therefore  few  alternate  locations  are  available. 

(12)  Para  102j  and  k  -  The  incorporation  of  a  larger  boosted  tail 
rotor  should  improve  the  directional  control  sensitivity..  No  Improvement 
in  the  cyclic  trim  displacement  bands  are  lnvisloned. 

(13)  Para  102m  -  For  the  present  the  AN/APX-100  and  KY-28  controls 
were  interchanged.  This  somewhat  Improved  the  readability  of  the  APX-100 
but  only  a  redesign  of  the  instrument  panel  will  totally  solve  this  problem 

c.  Recommendations 

(1)  Para  105,  106,  110  and  116  -  Concur,  except  as  noted  above. 

(2)  Para  107  and  109  -  The  incorporation  of  a  SCAS  and  larger  tail 
rotor  will  satisfy  these  recommendations. 

(3)  Para  108  -  Nonconcur  in  that  such  a  limit  is  not  practical. 

(4)  Para  111,  114  and  117  -  Maintenance  manual  changes  have  been 
submitted  for  these  items. 
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(5)  Para  112  -  Incorporation  of  a  warning  system  would  be  too 
complex  and  expensive.  A  caution  in  the  Operator's  manual  may  be  appropriate 
when  more  data  is  available. 

(6)  Para  113  -  This  recommendation  will  be  considered  for  future 
evaluations. 

(7)  Para  115  -  The  inspection  interval  has  already  been  reduced 
and  no  field  problems  have  been  reported. 

CHARLES  C.  CRAWFOTD,  JR. 

Director  of  Development 
and  Qualification 
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INTRODUCTION 


BACKGROUND 

1 .  The  United  States  Army  Aviation  Systems  Commard*  awarded  a  contract  to 
Bell  Helicopter  Textron  (BHT)  in  June  1 976  to  design,  fabricate,  and  test  two  proto¬ 
type  Model  OH-58C  helicopters.  The  primary  design  objectives  were  to  provide  im¬ 
proved  hover  performance,  improved  climb  performance,  and  reduced  ballistic  vul¬ 
nerability.  The  OH-58C  is  a  derivative  of  the  OH-58A  and  is  intended  to  be  the 
Army's  interim  scout  helicopter  into  the  1980's.  The  interim  scout  mission  includes 
a  number  of  demanding  tasks  which  were  not  a  part  of  light  observation  Helicopter 
(OH-58A)  mission  to  include  extensive  operation  in  a  Nap-of-the-Earth  (NOE) 
environment.  Modificationr  include  inco.poration  of  an  Allison  T63-A-720  engine 
rated  at  420  shaft  horsepower  (SHP)  at  sea  level  standard  day  conditions,  tlat  plat  * 
canopy,  low  reflective  (LR)  paint,  infrared  counter  measure  (IRCM)  exhaust  system, 
ballistic-tolerant  flight  control  rods  and  vulnerability-reduction  directional  flight 
control  system.  In  November  1977,  the  United  States  Army  Aviation  Engineering 
Flight  Activity  (USAAEFA)  was  directed  to  prepare  a  test  plan  and  conduct  an 
airworthiness  and  flight  characteristics  evaluation  (A&FC)  of  a  production  OH-58C 
helicopter.  A  test  plan  was  prepared  in  April  1 978  (ref  1 ,  app  A). 


TEST  OBJECTIVES 

2.  The  objectives  of  the  OH-58C  A&FC  were  as  follows: 

a.  Determine  compliance  w'ith  the  requirements  of  the  OH-58C  Detail  Speci¬ 
fication  fref  2,  app  A). 

b.  Obtain  engineering  flight  test  data  for  use  in  the  OH-58C  operator's 
manual  (ref  3). 

c.  Determine  the  effects  of  the  flat  plate  canopy  on  the  aircraft  pitot- 
static  system  error. 

d.  Determine  any  shortcomings  or  deficiencies. 


DESCRIPTION 

3.  The  OH-58C  is  a  derivative  of  the  OH-58A  helicopter  that  is  manufactured  by 
H  l'  Helicopter  Textron  (BHT)  Fort  Worth,  Texas.  OH-58A  helicopters  are  modified 
io  the  OH-58C  configuration  by  19  primary  kits.  The  OH-58C  modification  incor¬ 
porates  a  flat  plate  canopy,  low  reflective  (LR)  fuselage  paint,  infrared  counter 
measure  (IRCM)  exhaust  system,  a  tail  rotor  drive  shaft  cover,  and  a  redesigned 
cockpit  instrument  panel  with  new  types  of  indicator  gauges  and  avionics.  Also,  a 
vulnerability-re*  uction  directional  control  system  is  installed.’  This  system  is 
i.cduudant  with  push-pull  tubes  in  the  primary  system  and  a  push-pull  cable  in  the 


•Since  redesignated  the  Army  Aviation  Research  and  Development  Command 
(AVRADCOM). 
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secondary  (backup)  system,  neither  c :  which  is  hydraulically  boosted.  The  OH-58A 
and  OH-58C  have  identical  two-bladed  semi-rigid,  teetering-type  main  rotors  and 
single  two-bladed,  delta-hinged,  semi-rigid,  teetering-type  tail  rotors.  The  maxi¬ 
mum  takeoff  gross  weight  of  the  OH-58C  is  3200  pounds  compared  to  3000  pounds 
for  the  OH-58A.  The  OH-58C  is  powered  by  an  Allison  T63-A-720  turboshaft  engine 
that  has  an  uninstalled  standard  day,  sea  level,  static  intermediate  rated  power 
(30  minutes)  of  420  SHP.  The  main  transmission  has  the  same  power  limits  as  the 
OH-58A,  takeoff  power  (5  minutes)  of  317  SHP  and  maximum  continuous  of 
270  SHP.  The  OH-58C  aircraft  configuration,  cockpit  and  flight  controls  are  similar 
to  the  OH-58A.  A  more  detailed  description  is  presented  in  appendix  B. 

4.  The  test  helicopter,  US  Army  S/N  68-16724  (photos  1  and  2,  appendix  B)  was 
a  production  model  OH-58A  with  1800  airframe  hours  prior  to  reconfiguration  to 
OH-58C  specifications.  The  test  aircraft  is  representative  of  a  production  OH-58C 
with  tile  exception  of  a  flight  test  boom  which  extended  forward  of  the  aircraft 
from  the  landing  light  mounting  point,  a  modified  instrument  panel,  and  special  test 
instrumentation  equipment.  The  special  instrumentation  equipment  was  installed 
in  the  passenger/cargo  compartment  of  the  aircraft  and  is  described  in  appendix  C. 


TEST  SCOPE 

5.  The  A&FC  evaluation  was  conducted  at  Edwards  Air  Force  Base  (2302-foot 
elevation).  Bishop  (4120-foot  elevation),  and  Coyote  Flats  (9980-t'oot  elevation), 
California.  During  the  program  97  flights  were  flown  for  a  total  of  123.5  flight  hours 
of  which  79.6  were  productive  test  houTS.  General  test  conditions  are  shown  in 
tables  1  and  2.  Flight  restrictions  and  limitations  observed  during  the  A&FC  are 
contained  in  the  operator's  manual  and  the  airworthiness  release  (ref  4,  app  A).  Test 
results  were  analyzed  with  respect  to  the  OH-58C  Detail  Specification  (ref  2), 
Military  Specification  MIL-H-8501A  (ref  5),  and  previous  USAAEFA  test  results 
(refs  6  through  11). 

6.  The  test  scope  was  expanded  after  the  original  flight  tests  were  completed. 
USAAEFA  was  directed  (ref  1 2,  app  A)  to  evaluate  the  OH-58C  on  a  NOE  training 
course  and  obtain  quantitative  vibration  data  at  high  airspeeds.  An  abbreviated  test 
plan  was  prepared  in  November  1978  and  is  included  as  appendix  G  in  this  report. 
A  total  of  16  additional  flights  were  conducted  for  a  total  of  19.7  flight  hours,  of 
which  8.3  was  productive  test  time.  The  vibration  assessment  was  conducted  at 
Edwards  Air  Force  Base,  California.  The  NOE  course  used  for  the  evaluation  is 
located  at  Fort  Hunter-Liggett,  California. 


TEST  METHODOLOGY 

7.  Established  flight  test  techniques  were  use  !  (refs  13  and  14,  app  A).  The  test 
methods  and  data  analysis  methods  are  briefly  described  in  appendix  D.  A  Handling 
Qualities  Rating  Scale  (HQ RS)  (Fig.  1 ,  app  D)  was  used  to  augment  pilot  comments 
relative  to  handing  qualities.  A  Vibration  Rating  Scale  (VRS)  (fig.  2,  app  D)  was 
used  to  augment  pilot  comments  relative  to  vibration. 
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RESULTS  AND  DISCUSSION 


GENERAL 

8.  The  performance  and  handling  qualities  cr  the  OH-58C  helicopter  were  evalu¬ 
ated  at  Edwards  Air  Force  Base  (elevation  2302  feet).  Bishop  (elevation  4 1 20  feet), 
and  Coyote  Flats  (elevation  9980  feet),  California  at  the  general  test  conditions 
listed  in  tables  1  and  2.  The  performance  evaluation  included  free  flight  and  tethered 
hover,  forward  climbs,  level  flight  and  autorotational  descents.  Due  to  the  more 
powerful  T63-A-720  engine  installed  in  the  helicopter,  the  hover  and  takeoff  capa¬ 
bility  at  heavy  gross  weights  and  high  altitudes  and  the  forward  flight  climb  perfor¬ 
mance  of,  the  OH-58C  is  significantly  improved  over  the  OH-58A.  Performance  in 
terms  of  power  required  and  fuel  How  is  slightly  degraded  when  compared  to  the 
OH-58A  at  similar  gross  weights  and  altitudes  and  in  general  did  not  meet  the  esti¬ 
mates  of  the  detail  specification  for  the  OH-58C.  The  handling  qualities  and  vibra¬ 
tions  of  the  OH-58C  are  similar  to  the  OH-58  A  when  operating  at  similar  gross 
weights  and  altitudes.  Three  handling  qualities  deficiencies  relate  to  the  low  speed 
flight  characteristics  were  identified:  the  inadequate  directional  control;  the  ten¬ 
dency  for  the  aircraft  to  pitch,  roll,  and  yaw  excessively  in  left  sideward  flight;  and 
the  tendency  for  the  aircraft  to  pitch  and  yaw  excessively  in  rearward  flight.  These 
lead  to  the  overall  conclusion  of  unsatisfactory  low  speed  flight  characteristics. 
One  deficiency  attributed  to  the  increased  rate  of  climb  capability  of  the  OH-58C 
was  an  aperiodic  pitch  divergence  in  forward  flight  climbs  at  rates  of  climb  above 
1000  ft/min.  A  human  factors  evaluation  of  the  cockpit  revealed  one  deficiency 
(the  night  vision  goggle  switch  is  easily  activated  and  renders  the  caution/advisory 
panel  unreadable),  and  fourteen  shortcomings.  Two  maintenance  deficiencies  were 
also  noted:  an  easily  clogged  transmission  oil  cooler  system  and  an  uncommanded 
disconnect  of  the  primary  directional  control  system  during  right  sideward  flight. 
A  total  of  seven  deficiencies  and  24  shortcomings  were  identified.  The  low  speed 
flying  qualities  deficiencies  were  observed  in  the  OH-58A,  but  increased  in  severity 
due  to  the  higher  gross  weight,  higher  altitude  capability  and  primary  mission  change 
to  Nap-of-the-Earth  flight  for  the  OH-58C.  The  easily  clogged  transmission  oil  cooler 
deficiency  is  common  to  both  the  OH-58A  and  C.  The  other  three  deficiencies  are 
caused  by  OH-58C,  aircraft  changes.  Of  the  24  shortcomings,  1 1  were  attributed  to 
the  OH-58C  modification  and  13  shortcomings  are  common  to  both  the  OH-58A 
and  C. 


PERFORMANCE 
Hover  Performance 

The  hover  performance  capability  of  the  OH-58C  was  evaluated  by  determining 
the  engine  power  required  to  hover  in-ground-effect  (IGE)  at  skid  heights  of  2  and 
10  feet  and  out-of-ground-effect  (OGE)  at  a  50  foot  skid  height.  Tests  were  con¬ 
ducted  using  free  flight  and  tethered  hover  techniques.  A  description  and  photo¬ 
graphs  of  the  tethered  hover  rig  are  included  in  appendix  C.  A  summary  of  the  hover 
performance  is  presented  in  figure  1  and  non-dimensional  test  results  are  presented 
in  figures  2  through  4,  appendix  E. 
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‘Tests  conducted  at  zero  sideslip  in  the  clean  configuration  with  all  doors  on  maintaining  N//e  =  345  rpm 
constant  and  longitudinal  eg  near  107.5  in.  (FWD),  lateral  eg  within  +1  inch  unless  otherwise  noted. 

1  Kp  -  Power  correction  factor. 


10.  Figure  A  presents  the  OH-58C  hover  performance  capability  compared  to  the 
OH-58A  for  both  standard  and  hot  days.  Under  standard  day  conditions  and  3000 
pounds  gross  weight,  the  OH-58C  is  capable  of  hovering  OGE  at  9640  feet;  whereas, 
the  OH-58A  hover  ceiling  is  4580  feet.  This  is  an  increase  of  5060  feet  in  the 
OH-58C  hover  ceiling.  At  the  same  gross  weight  but  using  the  Army  hot  day  criteria 
(35°C),  the  OH-58A  is  not  capable  of  hovering  OGE  at  sea  level  where  the  OH-5 8C 
has  an  OGE  hover  ceiling  of  4380  feet.  The  OH-58C  can  operate  at  higher  gross 
weights  and  altitudes  than  the  OH-58A.  These  increases  in  hover  performance 
capability  arc  a  result  of  the  additional  power  available  from  the  Allison  T63-A-720 
engine  installed  in  the  OH-58C  helicopter.  The  hover  performance  capability  of  the 
OH-58C  is  significantly  improved  over  the  OH-58A,  but  failed  to  meet  the  estimates 
of  the  detail  specification  for  the  Interim  Scout  helicopter,  206-947-203  (ref  2, 
app  E).  The  OH-58C  can  not  hover  OGE  at  3200  lb  gross  weight  at  the  specified 
4250  feet  on  a  hot  day  (35°C).  The  OGE  hover  ceiling  at  these  conditions  was  2890 
feet,  1360  feet  less  than  the  estimate. 

1 1.  Test  results  for  the  OH-58A  helicopter  obtained  from  the  US  Army  Aviation 
Sy terns  Test  Activity  Final  Report  Number  68-30  (ref  6,  app  A),  are  presented  on 
the  OH-58C  non-dimensional  plots  in  appendix  E.  Comparing  these  results  shows 
that  slightly  more  power  is  required  to  hover  the  OH-58C  than  the  OH-58A  at  the 
same  gross  weight  and  density  altitude.  This  was  observed  at  all  skid  heights,  gross 
weights,  and  altitudes  tested.  No  compressibility  effects  were  observed  in  the  non- 
dimensional  hover  performance  data  at  the  conditions  tested. 

12.  The  standard  day  OGE  hover  ceiling  at  the  OH-58C  maximum  takeoff  gross 
weight  of  3200  pounds  was  7680  feet  using  the  intermediate  rated  power  (IRP) 
(30  minutes)  of  the  engine.  At  a  2  foot  skid  height  under  the  same  conditions  and 
gross  weight,  the  IGE  hover  ceiling  was  1 1680  feet.  The  OGE  hover  ceiling  using  the 
Army  hot  day  criteria  (35°C)  was  2880  feet  at  3200  pounds  using  the  intermediate 
rated  power  (30  minutes)  of  the  engine. 

Takeoff  Performance 

13.  Takerff  performance  tests  to  determine  the  takeoff  distance  required  to  clear  a 
50- foot  obstacle  were  conducted  for  comparison  with  the  OH-58A  helicopter 
(ref  6,  app  A).  Takeoffs  utilized  the  level  acceleration  takeoff  method  and  were 
initiated  trom  a  stabilized  hover  at  a  two  foot  skid  height.  These  tests  were  con¬ 
ducted  at  density  altitudes  and  gross  weights  where  limited  excess  power  was  avail¬ 
able  in  order  to  compare  OH-58C  data  to  the  OH-58A  test  results.  Test  results  are 
presented  in  figures  5  and  6,  appendix  E.  The  curves  presented  in  these  figures  were 
derived  from  reference  6  and  show  that  the  OH-58C  has  similar  takeoff  performance 
characteristics  in  terms  of  takeoff  distance  when  compared  to  the  OH-58A  heli¬ 
copter.  Vertical  Gimb  performance  tests  were  not  conducted.  However,  based  on 
the  oifone  specifications,  the  excess  power  available  (engine  power  available  minus 
tiic  power  required  to  hover  (X«E)  of  the  OH-58C  is  significantly  increased  over  that 
of  the  OH-58A.  This  allows  the  OH-58C  to  takeoff  and  climb  vertically  or  initiate 
normal  forward  flight  takeoffs  at  higher  gross  weights  and  altitudes  than  the 
OH-58A. 


14.  The  forward  flight  climb  and  descent  performance  of  the  OH-58C  was  evalu¬ 
ated  using  the  sawtooth  climb  and  descent  technique  at  a  constant  referred  rotor 
speed.  Summaries  of  the  forward  flight  climb  performance  and  the  climb  airspeed 
schedules  are  presented  in  figures  7  and  8,  appendix  E.  Generalized  climb  and 
descent  test  data  are  presented  in  figure  9. 


15.  The  maximum  rate  of  climb  at  sea  level,  standard  day  and  hot  day  (35°C)  con¬ 
ditions  at  3200  pounds  gross  weight  was  determined  to  be  1375  ft/min  and  is 
limited  by  the  main  rotor  transmission  317  shp  limit.  At  the  same  gross  weight  and 
standard  day  conditions,  the  OH-58C  has  over  1000  ft/min  rate  of  climb  capability 
at  10,000  feet.  The  standard  day  service  ceiling  (altitude  at  which  a  100  ft/min  rate 
of  climb  is  the  maximum  achievable)  was  determined  to  be  15,520  feet.  This  fails 
to  meet  the  estimated  service  ceiling  (16,400  feet)  of  the  detail  specification. 


16.  The  power  correction  factor,  Kp,  was  determined  from  figure  9  to  be  0.75 
for  climb  performance  calculations.  This  compares  to  0.80  for  the  OH-58A  (ref  6, 
app  A).  While  the  Kp  comparison  shows  degraded  climb  efficiency,  the  rate  of  climb 
capability  is  increased  due  to  the  additional  power  available  from  the  engine 
installed  in  the  OH-58C.  Figure  B  presents  a  comparison  of  the  OH-58C  climb 
performance  to  the  OH-58A  and  shows,  at  the  same  gross  weight,  the  service  ceiling 
of  the  OH-58C  is  slightly  reduced,  but  that  the  rate  of  climb  is  improved  at  altitudes 
below  1 6,500  feet. 


Level  Flight  Performance 


17.  Level  flight  performance  tests  were  conducted  to  determine  power  required 
and  fuel  flow  as  a  function  of  airspeed,  gross  weight  andjiensity  altitude.  The 
constant  referred  gross  weight  and  rotor  speed  (W/  8,  NA/0  )  method  was  used  to 
obtain  data  in  stabilized  level  flight  at  incremental  airspeeds  ranging  from  approxi¬ 
mately  30  knots  true  airspeed  (KTAS)  to  the  maximum  airspeed  for  level  flight. 
Baseline  data  were  obtained  at  zero  sideslip  and  a  forward  longitudinal  eg  location 
(found  to  be  most  adverse  for  performance).  Additional  data  was  obtained  to  deter¬ 
mine  the  effects  of  sideslip,  longitudinal  eg  location,  removing  crew  doors  and 
various  referred  rotor  speeds.  Results  of  these  tests  are  presented  non-dimensionally 
in  figures  1 0  through  12,  as  range  and  endurance  summaries  in  figures  1 3 
through  15,  and  dimensionally  in  figures  16  through  29. 


18.  Figure  C  presents  a  comparison  of  the  OH-58A  and  OH-58C  level  flight  per¬ 
formance  at  sea  level,  standard  day  conditions.  These  data  were  derived  for  the 
clean,  doors  on  configuration,  with  a  forward  eg  location  and  zero  sideslip.  Test 
results  show  that  the  OH-58C  has  increased  power  required  when  compared  to  the 
OH-58A  due  to  increased  accessory  losses  and  fuselage  drag  (refs  2  and  9,  app  A). 
For  example,  at  the  OH-58A  cruise  airspeed,  109  KTAS,  the  OH-58C  requires  an 
additional  30  shp.  This  increased  power  requirement  reduces  the  range  and 
endurance  of  the  OH-58C  in  comparison  to  the  OH-58A,  at  sea  level,  standard  day 
conditions  for  the  mission  profile  presented  in  figure  D.  Paragraphs  95  through  97 
present  a  discussion  of  the  installed  engine  power  available  of  the  OH-58C.  The  more 
powerful  engine  improves  the  level  flight  capability  of  the  OH-58C  over  the  OH-58A 
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FIGURE  D 
MISSION  PROFILE 

SEA  LEVEL  STANDARD  DAY  CONDITIONS 


CRUISE  AT  MCP  FOR  TO  MINUTES 


MISSION  SEGMENT 

FUEL 

0H-58A 

USED. (LB) 

0H-58C 

8  MINUTES  AT  GROUND  IDLE  (FLAT  PITCH) 

13.0 

13.0 

CRUISE  OUT  AT  MCP  FOR  10  MINUTES  ' 

30.5 

34.6 

HOVER  OGE  FOR  30  MINUTES 

91.0 

100.4 

LOITER  FOR  30  MINUTES  AT  V^Q 

62.0 

70.0 

HOVER  OGE  FOR  30  MINUTES 

91.0 

100.4 

CRUISE  IN  AT  MCP  FOR  10  MINUTES 

30.5 

34.6 

LAND  WITH  30  MINUTES  RESERVE  FUEL  AT  MCP 

91.5 

103.8 

TOTAL  FUEL  FOR  MISSION 

409.5 

456.8 

NOTE:  I.  ALL  MISSION  SEGMENTS  CALCULATED  AT  3000  LB  GROSS  WEIGHT 
2.  USEABLE  FUEL  FOR  BOTH  0H-58C  AND  0H-53A  »  457  LB. 


in  that  operation  at  heavier  gross  weights  and  slightly  higher  airspeeds  is  possible. 
However,  the  estimates  for  range  and  endurance  of  the  detail  specification  (ref  2, 
app  A)  were  not  met.  At  2000  feet  pressure  altitude,  35°C,  maximum  continuous 
power,  the  range  was  175  nautical  miles,  10  nautical  miles  less  than  the  estimate, 
and  the  endurance  was  2.4  hours,  0.4  hours  less  than  the  estimate. 

19.  The  effects  of  removing  the  crew  doors  or  changing  to  an  aft  eg  on  the  level 
flight  performance  was  a  constant  change  in  the  equivalent  fiatplate  area  (Afe)  of 
the  clean,  doors  on  configured  helicopter.  Removing  the  crew  doors  caused  an  in¬ 
crease  in  equivalent  fiatplate  area  of  0.65  square  feet  while  changing  to  an  aft  eg 
caused  a  decrease  of  0.25  square  feet.  Figure  1 5,  appendix  E,  presents  a  comparison 
of  the  effect  of  removing  the  crew  doers  on  the  range  performance  of  the  OH-58C 
Removing  the  crew  doors  caused  a  reduction  of  approximately  1.5/f  in  the  range 
performance. 

20.  Data  for  three  referred  rotor  speeds  (345.  350.  355  rpm)  was  obtained  at  the 
same  non-dimensional  thrust  coefficient  (Op  =  0.003723).  Data  at  these  referred 
rotor  speeds  is  presented  in  figures  20.  28.  and  29.  There  were  no  significant  differ¬ 
ences  in  level  flight  performance  attributed  to  the  different  referred  rotor  speeds 
which  indicates  negligible  compressibility  effects  within  the  range  tested. 

21.  The  effects  of  various  angles  of  sideslip  on  the  power  required  for  level  flight 
are  presented  in  figure  16.  The  change  in  power  required  is  greater  for  right  than  for 
left  sideslip  and  increases  with  both  airspeed  and  sideslip  angle.  However,  with  the 
aircraft  trimmed  in  ball-centered  flight  there  was  less  than  5  degrees  of  sideslip  for 
airspeeds  up  to  93  knots  with  no  change  in  the  power  required  from  the  zero  sideslip 
condition. 

Autorotational  Descent  Performance 

22.  The  autorotational  descent  performance  of  the  OH-58C  was  evaluated  to  deter¬ 
mine  any  change,  to  the  optimum  airspeed  for  minimum  rate  of  descent  (Vmjn  r/d) 
or  maximum  glide  distance  (Vmax  glide)  autorotational  flight.  Figure  30, 
appendix  E  presents  the  test  results. 

23.  Figure  30  presents  the  autorotational  descent  performance  for  two  gross 
weights  near  the  same  density  altitude.  The  fairing  through  the  data  was  derived 
from  reference  6.  appendix  A  and  shows  the  optimum  airspeed  for  minimum  rate  of 
descent  and  for  the  maximum  glide  distance  in  power-off  flight  to  be  the  same 
as  for  an  OH-58A.  The  estimate  of  the  detail  specification  (ref  2,  app  A)  was  met. 
The  autorotational  descent  performance  of  the  OH-58C  is  similar  to  an  OI1-58A  and 
is  satisfactory. 


-  HANDLING  QUALITIES 
Control  System  Characteristics 

24.  The  mechanical  characteristics  of  the  OH-58C  (light  control  system  were 
measured  on  the  ground  with  the  rotor  and  engine  stopped.  Hydraulic  and  electrical 
power  were  provided  by  external  sources.  All  adjustable  control  friction  devices 
were  OFF  and  force  trim  was  ON.  The  only  control  cross  coupling  is  a  mechanical 
cross  coupling  of  longitudinal  cyclic  to  collective. 
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25.  The  variation  of  control  position  with  applied  control  force  for  the  longi¬ 
tudinal  and  lateral  controls  is  presented  in  figures  31  and  32,  appendix  F.  The  longi¬ 
tudinal  and  lateral  cyclic  control  force  gradients  were  positive  and  essentially  linear 
w*th  no  discontinuities.  A  summary  of  the  cyclic  control  system  mechanical  charac¬ 
teristics  is  presented  in  table  3;  Longitudinal  and  lateral  characteristics  were  positive 


Table  3.  Longitudinal  and  Lateral  Control  System 
Mechanical  Characteristics  Sumnary1 


PARAMETER 

CONTROL  I 

_ 1 

LONGITUDINAL 

LATERAL 

Control  travel  (in.) 

12.0 

1 

9-7  ! 

Breakout  force  including  friction  (lb) 

0.8  FWD 

1.5  AFT 

1.3  LT 

2.0  RT 

Average  force  gradient  near  trim  (lb/in.) 

1.0  FWD 

1.5  AFT 

0.5  LT 

0.5  RT 

Average  friction  band  near  trim  (lb) 

2.0  FVID 

2.5  AFT 

2.5  LT 

2.5  RT 

Trim  control  displacement  band  (in.) 

1.3 

3.4  j 

Control  centering 

Positive 

FWD  and  AFT 

Positive  j 
LT  and  RT 

Control  position  free  play  (in.) 

<0.1 • . 

<0.1 

Stick  jump 

Negligible 

Negligible 

•Hydraulic  boost  and  force  trim  ON,  adjustable  control  friction  OFF. 
Rotor  stopped,  external  hydraulic  and  electrical  power  applied. 
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but  did  not  return  the  control  to  the  original  position.  This  resulted  in  1.3-inch 
longitudinal  and  3.4-inch  lateral  trim  control  displacement  bands.  In  flight,  the  large 
trim  control  displacement  bands  resulted  in  increased  pilot  compensation  to 
maintain  desired  attitude  and  airspeed  (HQRS  4)  in  that  the  controls  would  not 
return  to  trim  and  there  were  no  force  cues  to  the  pilot  indicating  an  out  of  trim 
condition.  The  large  longitudinal  and  lateral  cyclic  trim  control  displacement  bands 
are  similar  to  th  >se  of  an  OH-58A  and  remain  a  shortcoming. 

26.  The  directional  control  breakout  force  (including  friction)  for  the  primary 
system  was  6.8  pounds  right  and  5.5  pounds  left.  Tire  backup  directional  control 
system  breakout  force  (including  friction)  was  5.5  pounds  in  both  directions  when 
measured  with  the  primary  system  disengaged.  The  directional  control  system  did 
not  incorporate  a  force  trim  mechanism;  therefore,  no  force  gradient  or  control 
centering  were  measured.  In  flight,  with  the  primary  directional  control  system  dis¬ 
engaged,  a  slight  reduction  in  tail  rotor  control  authority  was  evident.  Negligible 
control  position  free  play  (less  than  0.1  inch)  was  measured  in  the  directional 
control  system  on  the  ground. 

27.  The  collective  control  breakout  force  (including  friction)  was  approximately 
3  pounds  when  pulling  up  from  a  full  down  position  and  approximately  2.5  pounds 
when  pushing  down  from  a  full  up  position.  Total  collective  control  travel  was 
10  inches  at  the  center  of  the  grip.  Negligible  control  position  free  play  (less  than 
0.1  inch)  was  noted  in  the  collective  control  system.  Other  than  attributing  to  the 
ease  of  overtorque  discussed  in  paragraph  78,  the  collective  control  system  is 
satisfactory. 

Control  Positions  in  Trimmed  Forward  Flight 

28.  Control  positions  of  the  OH-58C  in  trimmed  forward  flight  were  evaluated  in 
conjunction  with  level  flight,  climb  and  autorotation  performance  testing.  Test 
results  are  presented  as  Figures  33  through  38,  appendix  E. 

29.  The  variation  of  longitudinal  control  position  with  airspeed  during  trimmed 
forward  flight  was  conventional  in  that  increasing  forward  cyclic  displacement  was 
required  with  increasing  trimmed  airspeed.  At  a  forward  eg,  the  longitudinal  control 
gradient  was  conventional  throughout  the  airspeed  range  tested.  At  an  aft  eg,  the 
longitudinal  control  position  gradient  was  conventional  at  high  airspeeds,  but  was 
essentially  neutral  between  30  and  50  KCAS  (figs.  33  through  35,  app  E).  The 
variatioh  of  lateral  and  directional  control  postions  with  airspeed  during  level  flight 
was  minimal.  Control  position  characteristics  in  the  clean,  doors  off  configuration 
(tigs.  36  and  37)  were  essentially  the  same.  Control  margins  in  all  cases  were  ade¬ 
quate  and  trim  changes  from  level  flight  to  autorotation  or  climbs  were  not  objec- 
tional  (fig.  38).  The  control  position  characteristics  in  level  and  autorotational  (light 
were  similar  to  the  OH-58A  and  are  satisfactory. 

30.  During  high  power  climbing  flight  at  airspeeds  between  35  and  70  KCAS.  the 
aircraft  was  difficult  to  control  in  pitch  and  required  continuous  large  amplitude 
control  motions  to  maintain  pitch  attitude  and  airspeed  (HQRS  6).  Pitch  attitude 
excursions  of  ±6  degrees  with  pilot  control  motions  of  up  to  one  inch  while  trying 
to  maintain  stabilized  flight  are  shown  in  Figure  38.  The  inability  to  trim  the  air¬ 
craft  in  climbing  flight  is  a  shortcoming  and  is  further  discussed  in  paragraphs  32 
and  45. 


Static  Longitudinal  Stability 


31.  Static  longitudinal  stability  characteristics  of  the  OH-58C  were  determined 
using  the  techniques  described  in  Appendix  D.  Test  results  are  presented  in  figures  39 
through  41,  appendix  F..  The  static  longitudinal  stability  was  weak  but  positive  at 
level  flight  trim  airspeeds  near  55  KCAS  at  both  altitudes  tested.  At  trim  airspeeds 
near  recommended  cruise  airspeeds  the  static  longitudinal  stability  was  neutral  for 
airspeeds  below  trim  and  weakly  positive  for  airspeeds  above  trim.  The  weakly 
positive  to  neutral  longitudinal  stability  required  increased  pilot  attention  to 
establish  and  maintain  a  desired  airspeed  (HQRS  4).  The  difficulty  in  maintaining 
airspeed  may  result  in  large  airspeed  excursions  when  the  pilot  is  performing  mission 
tasks  and  may  degrade  mission  accomplishment.  The  longitudinal  control  gradients 
near  cruise  airspeeds  at  an  aft  eg  failed  to  meet  the  requirements  of  MIL-H-8501  A, 
paragraph  3.2.10.  The  static  longitudinal  stability  of  the  OH-58C  near  cruise 
airspeeds  is  unchanged  from  the  OH-58A,  is  unsatisfactory,  ana  remains  a 
shortcoming. 

32.  In  climbing  flight,  at  rates  of  climb  in  excess  of  1000  ft/min,  at  a  trim  airspeed 
near  50  KCAS,  stabilizing  the  aircraft  in  pitch  was  difficult  (HQRS  6)  and  required 
extensive  pilot  compensation  to  keep  the  aircraft  from  developing  large  pitch 
attitude  deviations.  This  tendency  is  unsatisfactory,  a  shortcoming,  and  further 
discussed  in  paragraph  45 . 

33.  In  autorotationa!  flight  at  trim  airspeeds,  near  50  KCAS  the  longitudinal 
stability  was  positive  for  airspeeds  below  trim  but  neutral  at  airspeeds  above  trim. 
Although  these  characteristics  do  not  meet  the  requirements  of  MIL-H-8501  A  para¬ 
graph  3.2.10  precise  airspeeds  were  easily  established  and  maintained  and  were 
satisfactory. 

Static  Lateral-Directional  Stability 

34.  Static  lateral-directional  stability  characteristics  of  the  OH-58C  were  deter¬ 
mined  by  trimming  the  aircraft  at  zero  sideslip  and  the  desired  conditions.  With  the 
collective  control  fixed,  the  aircraft  was  then  stabilized  at  incremental  sideslip  angles 
up  tc  the  limit  sideslip,  both  right  and  left,  while  maintaining  a  steady  heading  at 
the  trim  airspeed.  Test  results  are  presented  in  figures  42  through  44,  appendix  E. 

35.  Static  directional  stability,  as  indicated  by  the  variation  of  directional  control 
position  with  sideslip,  was  positive  at  all  test  conditions.  The  static  directional 
stability  was  essentially  neutral  in  autorotation  at  a  trim  airspeed  of  54  KIAS, 
which  required  increased  pilot  attention  to  preclude  an  out  of  trim  condition  with 
resulting  increase  1  rates  of  descent.  The  static  directional  stability  of  the  OH-58C 
was  essentially  unchanged  from  OH-58A  test  results  and  is, satisfactory. 

36.  Dihedral  effect,  as  indicated  by  the  variation  of  lateral  control  position  with 
sideslip,  was  positive  at  all  conditions  tested,  but  very  weak  in  autorotation.  The 
effective  dihedral  of  the  OH-58C  was  essentially  unchanged  from  OH-58A  and  is 
satisfactory. 

37.  Side  force  characteristics,  as  indicated  by  the  variation  of  roll  attitude  with 
sideslip,  were  positive  at  all  conditions  tested.  The  side  force  characteristics  in  level 
flight  were  weaker  at  trim  airspeeds  near  50  KCAS  than  at  trim  airspeeds  near 
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80  KCAS.  In  a  stabilized  autorotation  at  54  KCAS,  the  roll  attitude  gradient  was 
very  shallow  at  sideslip  angles  less  than  20°.  The  side  force  characteristics  are  essen¬ 
tially  unchanged  from  OH-58A  test  results  and  are  marginally  satisfactory. 

Maneuvering  Stability 

38.  Maneuvering  stability  was  evaluated  in  left  and  right  steady  turns.  Steady 
turns  were  conducted  by  establishing  the  desired  level  flight  airspeed  and  then 
stabilizing  at  increasing  bank  angles  while  maintaining  collective  control  and  airspeed 
constant.  Results  of  the  maneuvering  stability  tests  are  presented  in  figure  45, 
appendix  E. 

39.  The  stick-fixed  maneuvering  stability  in  steady  state  turns,  as  indicated  by  the 
variation  ot  longitudinal  control  position  with  normal  acceleration  (g),  was  positive 
at  all  test  conditions  except  at  99  KCAS  and  above  1.35g.  Above  1.35g's  at 
99  KCAS  the  maneuvering  stability  changes  from  positive  to  negative  giving  a 
divergent  pitch-up  which  appears  to  the  pilot  as  a  "dig  in"  tendency.  In  addition  to 
this  reversal,  continuous  cyclic  control  inputs  were  required  to  control  the  aircraft. 
The  pilot  was  unable  to  maintain  a  constant  bank  angle  without  extensive  compen¬ 
sation  (HQRS  6).  Forward  longitudinal  control  inputs  were  required  to  avoid 
exceeding  the  load  factor  limit  of  the  aircraft  (at  7000  feet  density  altitude,  the  load 
factor  limit  equals  1 .67g's).  The  pilot  can  easily  exceed  the  load  factor  limit  when 
performing  mission  maneuvers  at  high  airspeeds  and  bank  angles  greater  than 
approximately  45  degrees.  Tire  divergent  pitch-up  (dig  in)  tendency  at  and  above 
cruise  airspeeds  was  also  observed  during  dynamic  stability  and  controllability 
testing,  paragraphs  44  and  50.  This  characteristic  fails  to  meet  the  requirements  of 
MIL-H-8501A  paragraph  3.2.11.1  and  is  unsatisfactory.  The  divergent  pitch  up  (dig 
in)  tendency  at  and  above  cruise  airspeeds  is  a  shortcoming. 

Dynamic  Stability 

40.  The  short-term  and  long-term  dynamic  stability  characteristics  of  the  OH-58C 
helicopter  were  evaluated  at  the  conditions  listed  in  table  2.  Gust  response  character¬ 
istics  were  simulated  in  all  control  axes  by  single  axis  1 -inch  control  inputs  which 
were  held  for  approximately  0.5  seconds,  and  by  releases  from  steady  heading  side¬ 
slips. 

41.  The  short-term  longitudinal  and  lateral  response  characteristics  of  the  heli¬ 
copter  were  essentially  deadbeat.  The  deadbeat  short-term  characteristics  were  also 
evident  in  moderate  turbulence.  However,  the  directional  control  inputs  resulted  in 
light  to  moderately  damped  lateral-directional  oscillations.  These  oscillations  were 
convergent  and  damped  in  10  to  15  seconds  (approximately  2  cycles).  The  short¬ 
term  dynamic  stability  characteristics  of  the  OH-58C  are  similar  to  OH-58A  chara¬ 
cteristics  and  are  Satisfactory. 

42.  Additional  lateral-directional  gust  response  characteristics  were  evaluated  by 
releases  from  steady  heading  sideslips.  Figures  46  through  49  present  time  histories 
of  releases  from  steady  heading  sideslips  at  trim  airspeeds  of  51,  81,  and  93  KCAS. 
The  lateral-directional  oscillatory  responses  were  light  to  moderately  damped,  and 
easily  excited.  Although  unchanged  from  OH-5 8 A  characteristics,  the  easily  ex¬ 
cited  lateral-directional  gust  response  of  the  OH-58C  is  particularly  annoying  when 
precise  bank  angle  and  heading  control  is  necessary  and  is  a  shortcoming. 


43.  The  longitudinal  long-term  response  characteristics  were  evaluated  by  trimming 
the  aircraft  at  the  desired  airspeed  and  then  increasing  or  decreasing  the  airspeed 
incrementally  using  only  the  cyclic  control.  The  cyclic  control  was  then  returned  to 
the  trim  position  and  the  response  noted.  Figures  50  and  51,  appendix  E,  present 
time  histories  of  longitudinal  long-term  responses  at  1 1  '700  feet  density  altitude  with 
the  aircraft  trimmed  near  50  KCAS  in  level  flight.  The  longitudinal  long-term  re¬ 
sponse  was  convergent  and  moderately  damped  with  a  period  of  oscillation  of 
approximately  28  seconds.  This  characteristic  is  similar  to  the  OH-58A  and  is  satis¬ 
factory. 

44.  Time  histories  of  the  longitudinal  long-term  response  in  level  flight  near  cruise 
airspeeds  are  presented  in  figures  52  through  55  (app  E).  All  tests  resulted  in  an 
aperiodic  divergent  pitch  response  which  required  recovery  by  the  pilot  to  keep 
from  exceeding  load  factor  limits  of  the  aircraft.  The  response  of  the  helicopter 
was  unpredictable  as  to  the  direction  the  response  would  follow,  nose  up  or  down. 
Figures  52  and  53  present  time  histories  at  near  the  same  trim  conditions.  Figure  52 
shows  the  aircraft  pitched  up  then  down  through  the  trim  attitutde  and  diverged 
nose  down.  Figure  53  shows  the  aircraft  pitched  nose  up  until  pilot  recovery  was 
accomplished.  This  "dig  in"  tendency  was  also  observed  during  the  maneuvering 
stability  tests  (para  39),  and  is  further  discussed  in  paragraph  50. 

45.  In  climbing  flight  with  rates  of  climb  less  than  1000  ft/min  the  longitudinal 
long-term  response  of  the  OH-58C  was  convergent  but  lightly  damped.  This  is  similar 
to  OH-58A  characteristics  using  takeoff  rated  power  and  at  similar  gross  weights  and 
cg's.  However,  with  the  increased  power  available  provided  for  the  OH-58C,  rates  of 
climb  greater  than  1000  ft/min  are  possible.  It  was  noted  previously  (para  30  and 
32)  that  the  pilot  had  difficulty  trimming  the  aircraft  "hands  off"  when  the  rate  of 
climb  was  greater  than  approximately  1000  ft/min.  This  "hands  off"  condition 
could  be  maintained  for  only  a  few  seconds.  Once  the  aircraft  was  stabilized  at  a 
trim  airspeed  and  the  controls  held  fixed,  the  aircraft's  immediate  reaction  was  to 
pitch  either  nose  up  or  down.  If  the  aircraft  initially  pitched  nose  up,  attitudes  from 
20  to  30  degrees  were  encountered,  followed  by  an  abrupt, nose  down  pitch  that 
continued  with  increasing  pitch  rate  until  recovery  was  initiated.  Figure  57  (app  E) 
presents  a  time  history  of  a  nose  down  divergence  encountered  from  a  trim  airspeed 
of  63  KCAS  in  a  climb  using  80 %  torque  (approximately  1275  FPM).  With  the 
controls  held  fixed,  the  limit  load  factor  (0.5gs)  was  exceeded  within  4  seconds 
after  the  nose  down  pitch  began.  The  lack  of  longitudinal  long-term  stability  at  rates 
of  climb  above  1000  ft/min  can  lead  to  unusual  aircraft  attitudes  and  exceeding  safe 
aircraft  operating  limits.  The  longitudinal  long-term  response  was  qualitatively 
evaluated  at  a  forward  eg  in  climbs.  The  nose  down  pitch  attitudes  and  rates  en¬ 
countered  were  greater  than  those  observed  at  the  aft  eg.  MIL-H-8501A  paragraph 
3.2.11  was  not  met  in  that  pitch  oscillations  were  divergent.  The  aperiodic  pitch 
divergence  in  forward  flight  climbs  at  rates  of  climb  above  1000  ft/min  is  unsatis¬ 
factory  and  a  deficiency. 

46.  Four  flights  were  conducted  with  the  infrared  counter  measure  (IRCM)  exhaust 
stacks  replaced  with  standard  OH-58A  exhaust  stacks.  The  aperiodic  pitch  diver¬ 
gence  tendency  at  high  rates  of  climb  was  eliminated  with  standard  OH-58A  exhaust 
stacks.  The  aircraft  was  flown  at  forward  and  aft  eg  locations  and  over  a  range  of 
gross  weights  from  2750  to  3250  pounds.  The  longitudinal  long-term  response  of  the 
OH-58C  with  standard  OH-58A  exhaust  stacks  in  forward  flight  climbs  was  similar 
to  the  OHt58A  and  is  satisfactory.  Consideration  should  be  given  to  modifying 
the  IRCM  exhaust  stacks  to  alleviate  the  aperiodic  pitch  divergence  in  forward  flight 
climb. 


47.  The  longitudinal  long-term  response  of  the  OH-58C  in  autorotation,  figure  58, 
near  50  KCAS  is  oscillatory  and  divergent  with  a  period  of  approximately  22  sec¬ 
onds.  This  characteristic  is  similar  to  that  for  an  OH-58A  and  is  not  objectionable. 

Controllability 

48.  Controllability  tests  were  conducted  using  step  inputs  of  varying  magnitudes  on 
the  pedals  during  hover  and  on  the  longitudinal  cyclic  during  level  flight.  Control 
fixtures  were  used  to  obtain  the  desired  input  size.  Test  results  are  presented  in 
figures  59  through  71 ,  appendix  E. 

49.  The  maximum  directional  control  response  (yaw  rate)  in  hover  could  not  be 
measured  since  the  rate  increased  steadily  with  time.  Figure  59  (app  E)  presents  a 
summary  of  the  directional  controllability  test  results  and  figure  60  presents  a  time 
history  of  a  right  directional  step  input  that  is  typical  of  the  OH-58C  response  in  a 
hover.  The  aircraft  responds  in  the  proper  direction  within  the  specified  time 
(0.2  seconds)  and  no  objectionable  coupling  was  observed.  However,  at  density  alti¬ 
tudes  of  4360  and  9460  feet,  a  one  inch  right  directional  step  (fig.  59)  produced 
yaw  displacements  of  over  70  and  90  degrees  respectively  within  one  second  after 
the  initial  input.  This  high  directional  response  causes  yaw  displacements  that  are 
excessive  and  can  lead  to  overcontrol  of  the  aircraft.  Figure  59  also  shows  that  the 
control  sensitivity  is  higher  for  right  pedal  inputs  than  for  left  pedal  inputs.  The 
uneven  and  high  control  sensitivity  leads  to  directional  overcontrol  and  is  a  short¬ 
coming. 


50.  During  level  flight  at  cruise  airspeeds,  all  forward  longitudinal  control  step 
inputs  and  aft  step  inputs  smaller  than  0.75  inches  acheived  maximum  pitch  rate 
responses  that  are  similar  to  the  OH-58  A.  Figure  61  (app  E)  presents  the  test  results 
for  the  OH-58C  level  flight  longitudinal  controllability  and  figure  62  presents  a  typi¬ 
cal  time  history  of  a  forward  step  input.  Maximum  pitch  rates  could  not  be 
measured  with  aft  control  step  inputs  greater  than  0.75  inches  since  the  pitch  rate 
steadily  increased  with  time.  A  typical  time  history  of  an  aft  control  step  input, 
approximately  1.2  inches,  is  presented  in  figure  63.  The  pitch  rate  trace  initially  is 
concave  downward  (a  damping  effect)  but  then  increases  linearly  with  time  until 
recovery.  The  aircraft  at  the  aft  eg  location  and  near  cruise  airspeeds  (91  KCAS) 
tends  to  "dig  in"  and  required  extensive  pilot  compe  isation  (HQRS  6)  to  check  the 
rapidly  increasing  load  factor  and  will  significantly  increase  the  pilot  work  load  in 
turbulence.  The  aircraft  tendency  near  cruise  airspeeds  for  divergent  pitch  up 
(dig  in)  was  previously  discussed  in  paragraphs  39  and  44. 

51.  Aft  step  inputs  of  approximately  1.0  inch  we  e  conducted  to  determine  the 
effects  of  gross  weight,  airspeed,  and  eg  location  on  I  he  "dig  in"  tendency.  Figure  E 
presents  a  summary  of  these  test  conditions  on  the  DH-58C  gross  weight  versus  eg 
diagram.  The  "dig  in"  tendency  was  observed  at  the  conditions  of  points  A,  B,  D, 
and  E  near  cruise  airspeeds.  Time  histories  of  these  data  are  presented  in  figures  64, 
65,  67;  and  68  (app  E).  The  "dig  in"  tendency  was  most  severe  at  the  conditions  of 
point  A,  3200  pounds  gross  weight  and  an  aft  eg  location  1 1 1.3  inches.  Within  the 
range  available  for  the  test  aircraft,  gross  weight  had  little  effect  (points  A  and  D, 
fig.  D)  on  the  "dig  in"  tendency  at  aft  eg  locations.  However,  at  the  conditions  of 
point  C,  3200  pounds  and  mid  eg  location  109.4  inches,  the  aircraft  exhibited  a 
damped  longitudinal  response  to  aft  control  inputs  and  was  satisfactory  (fig.  66). 
The  aircraft  controllability  at  the  conditions  of  point  F,  2700  pounds  gross  weight 
and  a  forward  eg  location  was  also  satisfactory. 
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52.  The  effects  of  various  airspeeds  from  61  to  93  KCAS  on  the  longitudinal 
controllability  of  the  OH-58C  were  evaluated  at  the  conditions  of  point  A,  figure  D 
and  a  summary  of  these  effects  is  presented  in  figure  69  (app  E).  Typical  time 
histories  of  1 .0  inch  aft  step  inputs  are  presented  as  figures  64,  70,  and  71 .  The  "dig 
in"  tendency  was  exhibited  at  airspeeds  of  32  and  93  KCAS.  At  71  KCAS  the  air¬ 
craft  longitudinal  controllability  was  determined  to  be  satisfactory.  A  maneuvering 
airspeed  of  65  knots  indicated  airspeed  (70  KCAS)  should  be  established  for  the 
OH-58C  or  the  divergent  pitch-up  (dig  in)  should  be  corrected. 

Low  Speed  Flight  Characteristics 

53.  The  low  speed  flight  tests  of  the  OH-58C  were  conducted  to  determine  control 
margins  and  handling  characteristics  in  low  speed  flight,  with  simulated  wind  cond¬ 
itions  from  various  relative  azimuths.  Surface  wind  conditions  were  3  knots  or  less. 
Test  results  are  presented  in  figures  72  through  89,  appendix  E. 

54.  Figure  72  (app  E)  presents  a  summary  of  low  speed  flight  characteristics. 
Control  position  and  attitude  variations  of  the  OH-58C  were  similar  at  all  three  test 
altitudes;  however,  control  margins  decreased  with  increasing  altitude.  The  minimum 
longitudinal,  lateral  and  directional  control  margins  were  observed  at  the  high 
density  altitude  (11120  feet).  At  a  zero  wind  hover  at  this  altitude,  the  directional 
control  margin  was  slightly  more  than  10%  (0.7  inches)  at  3050  pound  gross  weight. 
The  longitudinal,  lateral  and  directional  control  gradients  with  respect  to  airspeed  at 
and  near  hover  are  neutral  (fig.  73  through  76).  These  neutral  control  gradients  com¬ 
bined  with  the  ability  to  generate  excessive  yaw  displacements  (para  49)  make  pre¬ 
cise  hovering  difficult  (HQRS  4). 

55.  Low  speed  forward  flight  was  easily  accomplished  (HQRS  2)  even  though  the 
longitudinal  control  gradient  was  shallow  and,  a  slight  longitudinal  control  reversal 
was  evident.  These  were  not  objectionable  to  the  pilot.  Low  speed  forward  flight 
was  satisfactory  at  all  speeds  with  headwinds  from  30°  right  to  60°  left. 

56.  At  rearward  speeds  between  5  and  10  KTAS,  (figs.  73  and  75,  App  E)  abrupt 
aft  longitudinal  control  displacement  is  required.  This  characteristic  is  similar  to  an 
OH-58A.  Satisfactory  stabilized  rearward  flight  could  not  be  performed  because  of 
the  tendency  of  the  aircraft  to  pitch  and  yaw  excessively.  Pitch  excursions  of 
±3  degrees  and  yaw  excursions  of  ±5  degrees  required  considerable  pilot  compen¬ 
sation  to  control  (HQRS  5).  This  also  applies  when  hovering  with  a  tailwind  from 
approximately  150°  relative  to  the  nose  of  the  aircraft  (wind  from  the  right  rear  of 
the  aircraft)  to  240°  (wind  from  the  left  rear  of  the  aircraft).  The  pitch  and  yaw  ex¬ 
cursions  increase  in  severity  with  increasing  gross  weight  and  altitude.  The  tendency 
for  the  aircraft  to  pitch  and  yaw  excessively  in  rearward  flight  is  a  deficiency.  The 
rearward  flight  characteristics  of  the  OH-58C  failed  to  meet  the  requirements  of 
M1L-H-8501A  paragraph  3.2.1  in  that  steady,  smooth  flight  was  not  obtainable 
in  rearward  flight  to  30  KTAS.  Additionally,  at  3050  pounds  gross  weight  and 
111  20  feet  density  altitude  less  than  10%  (1.2  inches)  aft  longitudinal  control  re¬ 
mained  at  rearward  airspeeds  above  1 5  KTAS. 

57.  Right  sideward  flight  was  accomplished  with  minimal  pilot  compensation 
(HQRS  3).  At  a  density  altitude  of  5000  feet  and  gross  weight  of  3200  pounds,  less 
than  10%  directional  margin  remained  above  31  KTAS.  At  3050  pounds  gross 
weight  and  11120  feet  density  altitude,  less  than  10%  directional  margin  remained 
above  6  KTAS  in  rigid  sideward  flight  3nd  the  directional  control  limit  was  reached 
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at  32  KTAS,  which  is  below  the  35  KTAS  sideward  limit  airspeed.  The  directional 
control  gradient  between  5  and  25  knots  was  very  shallow.  The  right  sideward  flight 
characteristics  of  the  OH-58C  at  high  gross  weights  and  altitudes  failed  to  meet  the 
requirements  of  MIL-H-8501 A  paragraph  3.3.2  in  that  the  directional  control  limit 
was  reached  within  the  sideward  airspeed  limit.  The  inadequate  directional  control  is 
a  deficiency.  The  critical  azimuth,  the  wind  azimuth  at  which  the  minimum  control 
margin  remaining  occurred,  was  determined  to  be  100°  based  on  the  directional 
control  requirements. 

58.  Smooth,  stabilized  left  sideward  flight  between  approximately  15  and 
35  KTAS  could  not  be  satisfactorily  performed  (HQRS  7)  because  of  the  tendency 
of  the  aircraft  to  pitch,  roll,  and  yaw  excessively.  Yaw  excursions  up  to  ±8  degrees 
and  roll  excursions  up  to  ±4  degrees  were  observed.  Control  excursions  up  to 
±1.5  inches  longitudinally,  ±0.75  inches  laterally,  and  ±2.0  inches  directionally 
were  required  simultaneously  to  control  the  aircraft  at  the  III  20  feet  density 
altitude.  Occasionally  the  right  directional  control  stop  was  encountered  in  left 
sideward  flight.  While  hovering  in  left  crosswind  conditions  or  in  left  sideward  flight 
the  pilot  will  be  required  to  devote  most  of  his  attention  to  aircraft  control  resulting 
in  degradation  of  mission  accomplishment.  The  pitch,  yaw  and  roll  tendencies  in 
left  sideward  flight  increase  in  severity  with  increasing  altitude  and  gross  weight. 
The  tendency  of  the  OH-5 8C  to  pitch,  roll,  and  yaw  excessively  in  left  sideward 
flight  is  unsatisfactory  and  a  deficiency. 

59.  At  density  altitudes  lower  than  5000  feet,  gross  weights  near  3200  pounds  and 
skid  height  of  10  feet  (IGE)  the  low  speed  handling  qualities  are  unsatisfactory  in 
that  considerable  pilot  effort  was  required  to  maintain  rearward  flight,  and  that 
less  than  1 0 %  directional  control  margin  remained  above  3 1  KTAS  in  right  sideward 
flight.  Whereas,  at  high  density  altitudes  and  gross  weight  combinations  the  only 
satisfactory  low  speed  flight  regime  was  low  speed  forward  flight.  The  aircraft  was 
difficult  to  hover  precisely  (para  54).  In  rearward  flight  (para  56)  it  had  the  ten¬ 
dency  to  pitch  and  yaw  excessively  and  had  less  than  10%  longitudinal  control 
margin  remaining  at  airspeeds  above  1 5  KTAS  rearward.  In  right  sideward  flight 
(para  57)  less  than  10%  directional  control  margin  remained  at  airspeeds  above 
6  KTAS  and  the  directional  control  limit  was  reached  at  32  KTAS.  In  left  sideward 
flight  it  had  the  tendency  to  pitch,  roll,  and  yaw  excessively  (para  58).  Nap-of-the- 
earth  flight  is  a  primary  mission  of  the  OH-58C  helicopter  and  involves  extensive 
aircraft  operation  m  close  proximity  to  the  ground  or  foliage  cover  with  much  of  the 
flight  spent  below  35  knots.  In  the  OH-58C,  it  is  anticipated  that  the  pilot  will 
devote  most  of  his  attention  to  aircraft  control  rather  than  mission  accomplishment, 
particularly  at  high  gross  weights  and  density  altitudes.  This  situation  will  further 
be  degraded  in  other  than  day  visual  flight  rules  (VFR)  conditions.  Night  Nap-of-the- 
earth  flight  or  using  night  vision  goggles  deny  the  pilot  much  of  the  daytime  attitude 
references.  Subsequently,  the  pilot  will  be  slower  to  implement  corrective  actions  in 
situations  that  require  immediate  actions  to  control  the  aircraft.  Because  of  the 
mission  environment  for  Nap-of-the-earth  flight  (various  and  unpredictable  wind 
conditions),  and  the  three  deficiencies,  it  is  anticipated  that  the  low  speed  handling 
qualities  of  the  OH-58C  arc  unsatisfactory  for  the  Nap-of-the-earth  missions  particu¬ 
larly  at  high  density  altitude  and  high  gross  weight.  Consideration  should  be  given  to 
increase  the  directional  control  margins  and  to  installation  of  a  stability  augmenta¬ 
tion  system  (SAS)  to  improve  the  overall  handling  qualities  of  the  OH-58C  heli¬ 
copter. 
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AIRCRAFT  SYSTEM  FAILURE 
Simulated  Engine  Failure 

60.  Sudden  engine  failures  were  simulated  by  trimming  the  aircraft  at  the  test 
condition  and  abruptly  closing  the  throttle  to  the  flight-idle  position.  The  flight 
controls  were  held  fixed  until  the  minimum  transient  rotor  speed  of  304  rpm  was 
approached  or  until  2  seconds  had  elapsed.  The  delay  in  moving  the  controls  was  to 
simulate  the  normal  delay  in  pilot  reaction  time  following  an  actual  engine  failure. 
Time  histories  of  the  test  results  are  presented  in  figures  90  through  92. 

61.  The  response  of  the  OH-58C  following  simulated  sudden  engine  failure  in 
level  flight  was  characterized  by  rapid  rotor  speed  decay,  moderate  left  yaw,  slight 
left  roll  followed  by  a  slight  nose  down  pitch.  The  rapid  rotor  speed  decay  does 
not  meet  the  requirements  of  MIL-H-8501 A  in  that  the  safe  minimum  transient  rotor 
speed  was  reached  following  the  simulated  engine  failure.  The  rolling  tendency  and 
rotor  speed  decay  increased  while  the  yaw  rate  decreased  at  higher  airspeeds.  Simu¬ 
lated  engine  failures  during  maximum  power  climbs  were  characterized  by  a  more 
rapid  rotor  speed  decay,  a  pronounced  nose  up  pitch,  and  higher  yaw  rates  than 
during  level  flight.  Warning  of  engine  failures  was  adequate  in  that  a  distinct  decrease 
in  noise  level  was  apparent  and  accompanied  by  simultaneous  yaw  to  the  left.  In 
addition  to  these  tests,  several  simulated  engine  failure  tests  were  conducted  with 
the  crew  doors  removed  No  change  in  the  airciaft  response  was  observed  with  the 
crew  doors  removed  The  average  delay  time  ror  all  conditions  tested  was  acceptable 
but  rapid  pilot  compensation  was  required  to  arrest  the  quick  rot  >r  speed  decay. 
The  overall  aircraft  response  to  a  simulated  engine  failure  was  similar  to  an  OH-58A 
and  is  satisfactory. 


STRUCTURAL  DYNAMICS 
Vibration 

62.  Vibration  characteristics  were  qualitatively  assessed  throughout  the  flight  tests. 
During  high  speed  (light,  excessive  vibrations  were  observed  at  the  pilot  station  and 
instrument  panel.  These  vibrations  were  at  the  main  rotor  1/rev  (5.9  Hz)  and  2/rcv 
(11.8  Hz)  frequencies  and  significantly  higher  than  a  typical  OH-58  A  helicopter. 
The  aircraft  rotating  components  were  checked  by  Army  maintenance  personnel  for 
any  abnormalities  and  the  main  rotor  blades  were  tracked.  No  unusual  condition  of 
the  aircraft  was  found  using  the  prescribed  maintenance  procedures  listed  in  the 
Army  maintenance  manual  TM  55-1520-228-23  for  the  OH-58C  helicopter.  Dis¬ 
cussions  between  USAAEFA,'  USAAVRADCOM,  and  BHT  led  to  additional  flight 
inves  tigation  of  the  vibration  characteristics. 

63.  The  test  aircraft's  instrument  panel  was  returned  to  as  near  standard  config¬ 
uration  as  possible  and  the  instrumentation  airspeed  boon)  was  removed.  Vibration 
accelerometers  were  installed  on  the  floor  at  the  pilot  and  copilot  station,  on  the 
front  side  in  the  center  of  the  instrument  panel,  and  on  the  back  side  in  the  upper 
right  comer  of  the  instrument  panel.  After  a  flight  in  the  test  aircraft  BHT  personnel 
agreed  that  the  1  /rev  and  2/rev  vibration  levels  were  high  but  not  representative  of  a 
production  OH-58C.  They  recommended  and  performed  the  following  maintenance 
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actions:  adjustment;  swash  plate  and  support  assembly;  change,  main  transmission 
mount;  and  track  main  rotor  blades.  After  these  maintenance  actions  and  a  test 
flight  were  performed,  BHT  personnel  considered  the  vibration  characteristics 
typical  for  the  OH-58C. 

64.  Figures  93  through  98  present  the  vibration  data  obtained  at  the  pilot  station 
and  instrument  panel  of  the  test  aircraft  after  the  recommended  maintenance 
actions  were  performed.  The  2/rev  (1 1 .8  Hz)  vertical  vibrations  at  the  pilot  station 
with  a  gross  weight  of  3230  pounds  and  at  13380  feet  density  altitude  were 
excessive  and  uncomfortable  to  the  pilot  and  exceeded  the  vibration  limit  (0.1S  g's) 
of  MIL-H850IA,  paragraph  3.7. l.b  (ref  5,  app  A)  throughout  the  airspeed  range 
tested.  The  excessive  2/rev  vertical  vibrations  at  these  conditions  are  unsatisfactory 
and  a  shortcoming.  At  lower  density  altitudes,  5260  and  10640  feet  and  at  or  above 
gross  weights  of  3000  pounds  and  airspeeds  near  VjsfE,  the  2/rev  vertical  vibration  at 
the  pilot  station  was  excessive.  These  test  results  at  lower  gross  weights  are  similar 
to  those  obtained  for  the  OH-58  A  (ref  7,  app  A).  The  excessive  2/rev  vertical  vibra¬ 
tions  at  or  near  Vn£  airspeeds  for  the  OH-58C  are  unsatisfactory  and  are  a  short¬ 
coming. 

65.  The  maintenance  actions  performed  by  BHT  personnel  are  listed  in  the  Army 
maintenance  manual  as  phase  items  for  the  OH-58C,  and  are  requried  at  the  300  and 
900  hour  inspections  only.  Since  these  items  affected  both  the  1/rev  and  2/rev 
vibrations,  consideration  should  be  given  to  decreasing  the  time  between  inspections 
and/or  listing  them  as  trouble  shooting  guides  when  either  a  high  1/rev  or  2/rev 
vibration  is  encountered. 


HUMAN  FACTORS 
Cockpit  Evaluation 

66.  The  OH-58C  cockpit  was  evaluated  during  all  phases  of  flight  testing  and  during 
ground  operations.  Cockpit  changes  from  the  OH-58A  include  the  addition  of: 

a.  "Engage/Disengage"  switch  on  the  pilot's  collective  control  for  vulnerabil¬ 
ity  reduction  (VR)  back-up  tail  rotor  control  system. 

b.  Transmission  hot  oil  warning  light. 

c.  Night  Vision  Goggle  (NVG)  switch  on  the  pilot's  cyclic  grip. 

d.  Primary  directional  control  disconnect  jam  light. 

e.  A  modified  glare  shield  and  glare  shield  extensions. 

f.  A  larger  torque  gage. 

g.  Engine  and  flight  instruments  marked  for  use  with  night  vision  goggles. 

h.  A  flat  plate  canopy. 
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67.  The  lest  aircraft  did  not  have  the  following  standard  equipment  installed. 

a.  Communications  security  set  TSFC  (KY-28). 

b.  Radio  set,  AN/ARN-I23(V)  1  (CONUS  NAV). 

c.  Radar  warning  set,  AN/APR-39. 

d.  Transponder  set,  AN/ APX- 100. 

e.  Proximity  warning  system,  YG-1054. 

f.  Armored  seat  protection. 

68.  The  pilot  and  copilot/observer  seats  are  unmodified  from  those  in  the  OH-58A, 
and  are  constructed  of  tubing  and  stretched  nylon  webbing.  The  back  of  the  seat  is 
a  cushion  which  is  attached  to  a  bulkhead  with  snaps.  The  scat  is  not  adjustable  in 
any  direction.  The  pedals  are  adjustable  through  a  range  of  4.5  inches  to  partially 
accommodate  pilots  of  different  heights.  The  ncnadjustahle  seat  requires  the  pilot 
to  sit  in  a  slouched  position  to  properly  position  himself  at  the  controls.  The  uncom¬ 
fortable  position  promoted  back  strain,  and  after  approximately  2.0  hours  of 
flying,  led  to  rapid  fatigue  and  eventual  lower  back,  neck,  and  shoulder  strain,  and 
prolonged  backaches.  The  nonadjustable  scat  of  the  OH-58C'  is  the  same  as  the  seat 
on  the  OH-58A  and  is  a  shortcoming.  Consultation  was  requested  from  the  US  Army 
Aeromedical  Research  l  aboratory.  Fort  Rucker,  Alabama.  The  report  from  the  lab 
stated  that  the  current  seat  would  cause  hack  injury  in  the  5th  through  95th  per¬ 
centile  Army  aviator.  The  report  is  included  as  appendix  H. 

69.  The  cyclic  grip  of  the  OH-58C  is  unmodified  from  the  OH-58A  except  for  the 
addition  of  the  NVii  -.witch.  The  grir  is  designed  with  the  force  trim  release  button 
located  at  the  top  right  side  of  the  crip,  and  the  thumb  is  used  to  activate  it.  The 
thumb  is  also  required  to  activate  the  ICS/RADIO  switch.  To  release  the  force  trim, 
the  pilot  must  reposition  his  hand  on  the  cyclic  grip  causing  numerous  changes  in 
hand  position  Juring  flight.  The  pilot  alw  is  unable  to  use  the  ICS/RADIO  switch 
whenever  he  is  depressing  the  torce  trim  release  button.  The  poor  cyclic  grip  and 
poor  location  of  the  force  trim  release  button  are  shortcomings  which  are  unchanged 
from  the  OH-58A. 

70.  The  standby  compass  is  located  below  the  pilot's  right  triangular  window  just 
above  the  pilot’s  right  foot.  In  this  location,  the  pilot  is  normally  unable  to  read  or 
use  the  compass.  In  the  event  of  a  loss  of  directional  gyro,  the  pilot  would  need  to 
lean  forward  and  iower  his  head  to  view  the  standby  compass.  This  motion  would 
tend  to  induce  vertigo.  The  poor  location  of  the  standby  compass  is  a  shortcoming 
which  is  unchanged  from  the  OH-58A. 

71.  The  AN/APX-100,  transponder  ret  is  located  in  the  lower  center  console  of 
both  the  OH-58A  and  OH-58C.  The  AN/ARN-89,  ADF  set  is  also  located  on  the 
lower  center  console,  hut  is  installed  in  the  OII-58C  only.  When  seated  in  the 
cockpit,  the  pilot  is  unable  to  sec  large  portions  of  the  tuning  heads  because  of  the 
collective  control  and  the  switches  on  the  end  of  the  collective.  To  observe  the  radio 
or  transponder  or  to  set  frequencies  and  codes,  the  pilot  must  reposition  his  head. 
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The  movement  and  distraction  of  the  frequency  or  code  changes  may  tend  to  dis¬ 
orient  the  pilot  and  induce  vertigo  as  well  as  require  a  diversion  of  attention  from 
tactical  mission  requirements.  The  poor  location  of  the  AN/APX-100,  transponder 
set  and  the  AN/ARN-89  ADF  set  are  shortcomings.  The  location  of  the  AN/ARN-89 
ADF  set  pertains  to  the  OH-58C  only. 

72.  The  UHF/AM  radio  set  AN/ARC-116  is  located  on  the  lower  center  of  the 
instrument  panel.  This  radio  does  not  have  a  preset  frequency  capability  and  fre¬ 
quencies  must  be  manually  tuned.  A  scout  pilot  needs  to  operate  on  several  frequen¬ 
cies  during  a  typical  tactical  mission.  The  requirement  to  manually  tune  each  fre¬ 
quency  will  cause  a  frequent  and  lengthy  diversion  of  his  attention  from  mission 
tasks,  and  requires  the  pilot  to  lean  over  to  view  and  dial  frequencies.  The  lack  of 
a  preselect  frequency-select  function  on  the  AN/ARC-116  UHF/AM  radio  set 
remains  a  shortcoming. 

73.  The  engine  starter  button  and  the  engine  idle  release  control  are  both  located 
near  the  end  of  the  pilot's  collective  on  both  the  OH-58A  and  OH-58C.  During  the 
start  sequence,  the  pilot  must  use  both  hands  to  operate  the  controls,  one  for  the 
throttle  and  the  other  for  the  starter  button  and  the  engine  idle  release  button.  In 
the  event  or  an  engine  fire  on  start  or  an  imminent  hot  start,  the  pilot  must  continue 
to  engage  the  starter  until  the  turbine  outlet  temperature  (TOT)  is  below  200°C 
after  closing  the  throttle  immediately,  which  requires  the  engine  idle  release  button 
to  be  depressed.  Then  the  pilot  must  close  the  fuel  ON/OFF  control  handle.  To 
accomplish  all  this,  the  pilot  is  not  able  to  hold  the  cyclic  stick  even  though  the 
blades  are  turning.  In  the  event  the  aircraft  is  started  in  high  winds  and  the  force 
trim  is  unable  to  hold  the  controls,  cyclic  control  could  be  input,  which  could  con¬ 
tribute  to  blades  striking  the  tail  boom.  The  awkward  operation  of  the  engine  start 
controls  remains  a  shortcoming. 

74.  The  OH-58C  or  OH-58A  ate  not  equipped  with  an  engine  compartment  fire 
detection  system.  The  single  pilot  scout  mission  will  require  the  aircraft  to  be  flown 
for  long  periods  where  other  aircraft  will  not  be  able  to  provide  a  visual  detection 
function  for  the  OH-58C.  In  the  event  of  an  engine  compartment  fire,  the  pilot  will 
be  unaware  of  a  fire  until  it  has  progressed  to  where  the  entire  engine  compartment 
may  be  involved  and  other  instruments  provide  indication  malfunction.  A  fire  ’valu¬ 
ing  system,  would  provide  an  early  indication  of  an  engine  compartment  fire.  The 
lack  of  a  fire  warning  system  is  a  shortcoming. 

75.  Three  items  in  the  cockpit  have  electro-mechanical  interference  (EMI) 
problems.  Each  time  the  force  trim  release  button  is  depressed,  the  needle  in  the  fuel 
gau  re  deflects  a  distance  equivalent  to  50  pounds  of  fuel,  the  rate  of  turn  pointer  in 
the  attitude  indicator  deflects  up  to  full  scale  to  the  right,  and  the  radar  altimeter 
display  shows  an  erroneous  altitude  for  2  to  3  seconds.  Under  tactical  conditions, 
the  force  trim  release  button  will  be  used  repeatedly  causing  the  indicators  and 
needles  to  fluctuate  and  jump.  The  jumping  needles  and  fluctuating  indicators  are 
distracting  and  an  annoyance  and  may  divert  pilot  attention  from  the  mission.  The 
electromagnetic  interference  between  the  force  trim  release  button  and  the  fuel 
gaui;e  and  rate  of  turn  indicator  remains  a  shortcoming.  The  EMI  between  the  force 
trim  release  button  and  the  radar  altimeter  is  a  shortcoming  attributed  to  the 
OH-58C. 
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76.  The  NVG/NORM  l.GT  >witch  is  located  on  the  OH-58C  cyclic  stick.  The 
instnnnent  panel,  overhead  console,  and  lower  console  lights  are  controlled  hy  this 
switch.  With  the  switch  in  the  NVG  position,  the  instruments,  console  light,  caution 
and  warning  lights  are  dimmed  to  a  level  readable  only  with  NVG.  Hie  switch  is  an 
unguarded,  two- position  switch  which  can  easily  be  inadvertently  placed  in  the 
NVG  position.  With  the  switch  in  the  NVG  position  during  the  day,  the  pilot  would 
be  unaware  of  the  switch  posit  ,n  and  would  not  be  able  to  see  the  illumination  of 
a  warning  or  caution  light.  A  NVG  switch  which  is  easily  activated  and  renders  the 
caution/advisory  panel  unreadable  is  a  deficiency  attributed  to  the  OH-58C'. 

77.  The  fiat  plate  canopy  on  the  OH-58C  consists  of  thin  sheets  of  unreinforced 
plexiglass  riveted  into  a  metal  windshield  frame.  At  airspeeds  greater  than  approxi¬ 
mately  30  KCAS.  the  air  pressure  on  the  fiat  plate  bows  the  canopy  inward  creating 
a  pocket.  The  thin  plexiglass  also  vibrates  or  oscillates  at  the  rotor  passage  frequency 
at  all  airspeeds  with  an  amplitude  of  approximately  one-half  inch  at  69  KCAS. 
During  daylight  conditions  with  a  clean  windshield,  the  canopy  vibration  does  not 
present  a  problem;  however,  bug  spots,  scratches,  and  other  surface  irregularities 
are  highlighted  by  the  vibration  and  tend  to  distract  the  pilot  and  impair  vision. 
The  addition  of  metal  bracing  to  hold  the  fiat  plate  canopy  reduces  the  field  of  view 
for  pilots  taller  than  approximately  the  70th  percentile.  The  flat  plate  canopy  which 
bows  in  at  high  airspeed,  vibrates  at  .the  rotor  passage  frequency,  and  reduces  the 
field  of  view  is  a  shortcoming. 

78.  The  torque  gauge  on  the  OH-58C  has  a  large  eusy-to-read  dial  with  well  defined 
range  marks  and  color  codes  for  operating  limits.  However,  the  gauge  is  located  at 
the  center  of  the  instrument  panel,  which  is  outside  the  pilot’s  normal  scan.  The 
mission  of  the  OH-58C  requires  the  pilot’s  primary  attention  to  be  directed  outside 
the  cockpit  for  visual  attitude  reference  and  observation  hence,  unless  the  pilot 
knows  he  will  be  performing  maneuvers  using  engine  power  close  to  the  operating 
limits,  lie  will  not  include  the  torque  gauge  (or  other  engine  instruments)  in  a  rapid 
or  frequent  cross  check.  The  collective  lever  has  a  very  shallow  gradient  of  collec¬ 
tive  position  with  torque.  The  maximum  torque  (100'v)  collective  position  is 
approximately  S  inches  from  full  down  and  is  slightly  above  the  bottom  edge  of  the 
pilot’s  seat.  The  relatively  low  collective  position  for  one  hundred  percent  power 
combined  with  an  engine  that  will  readtlv  produce  enough  power  to  overtorque  the 
main  transmission  at  most  altitudes  and  the  poor  location  of  the  torque  gauge  cause 
a  situation  that  can  easily  lead  to  an  overtorque  condition.  The  ease  of  inadvertent 
main  transmission  overtorque  in  the  OH-S8C  is  a  shortcoming.  At  density  altitudes 
above  approximately  7000  feet,  engine  temperature  limits  (TOT)  may  be  reached 
prior  to  torque  limits.  For  the  same  reasons  described  above,  at  density  altitudes 
above  7000  feet,  an  engine  overtemperature  condition  can  easily  result.  The  ease  of 
engine  overtemperature  at  density  altitudes  greater  than  7000  feet  in  the  OH-58C 
and  at  lower  density  altitudes  in  the  OII-S8A  is  a  shortcoming.  A  warning  light  with 
aural  tone  should  be  incorporated  to  warn  of  an  impending  overtorque/over- 
temperature  condition. 


Night  Evaluation 

79.  A  night  evaluation  ol’  the  OH-58C  cockpit  and  external  lighting  was  conducted 
in  a  darkened  hangar  Idr  a  period  of  1.5  hours  and  on  a  night  flight  of  1.0  hours. 
The  purpose  of  the  test  was  to  evaluate: 
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a.  Canopy  glare  from  cockpit  lighting  or  from  external  sources. 

b.  Readability  of  instruments  and  labels. 

c.  Consistency  of  illumination  of  instruments. 

d.  Dimming  characteristics  of  cockpit  lighting. 

e.  Readability  of  instruments  and  gauges  while  wearing  NVG. 

A  set  of  night  vision  goggles  (AN/PVS-5)  was  worn  by  the  pilot  during  portions  of 
the  evaluation  in  the  darkened  hangar.  The  NVG  were  also  worn  on  the  night  flight 
to  evaluate  the  cockpit  lighting  and  windshield  glare,  but  the  pilot  did  not  fly  the 
aircraft  while  wearing  the  NVG. 

80.  With  the  pilot  seated  normally,  wearing  full  mission  equipment,  two  sources  of 
cockpit  glare  were  noted.  One  originated  from  the  lower  center  console.  The  other 
was  manifest  when  the  copilot/observer  shined  an  unshielded  light  on  his  lap,  as 
in  reading  a  map.  The  intensity  of  the  glare  from  the  radios  in  the  lower  console 
could  be  minimized  by  reducing  the  intensity  of  the  lighting:  however  when  the 
copilot/observer  used  the  utility  light  or  a  flashlight,  the  glare  was  evident.  A  reflec¬ 
tion  was  also  noted  in  the  triangular  window  just  forward  of  the  pilot's  door.  The 
source  of  this  reflection  was  the  bottom  half  of  the  instantaneous  vertical  velocity 
indicator  (IVSI).  This  glare  could  also  be  minimized  by  dimming  the  instrument 
lights.  The  same  cockpit  reflections  were  noted  when  the  NVG  were  wom.  In  flight, 
bank  angles  of  up  to  45  degrees  were  made  over  brightly  lit  areas  on  the  ground.  No 
significant  reflections  from .  the  ground  sources  were  noted.  The  windshield  glare 
from  cockpit  and  external  sources  was  satisfactory. 

8 1 .  Dimming  of  instrument  and  console  lighting  is  provided  by  two  variable  rheo¬ 
stats  located  on  the  overhead  console.  In  the  full  bright  position,  all  instruments 
except  the  magnetic  compass  are  readable  (para  75)., In  flight  with  the  light  intensity 
at  a  level  for  readability  and  glare  reduction,  the  brightest  instrument  was  the 
attitude  indicator.  The  remainder  of  the  instruments  were  at  a  readable  level  except 
the  gas  generator  tachometer,  fuel  quantity  gauge,  ammeter,  and  the  digits  in  the 
frequency  window  of  the  UHF  radio  (AN/ARC-116).  With  the  NVG  on,  all  instru¬ 
ments  were  readable  except  the  torque  gauge.  Even  with  the  "INST  KT"  rheostat 
in  the  full  bright  position,  the  torque  gauge  was  unreadable  because  of  the  low  light 
level.  The  inabiltv  to  read  the  gas  generator  tachometer,  fuel  quantity  gauge,  am¬ 
meter.  and  the  digits  in  the  frequency  window  of  the  UHF  radio  with  the  lighting 
dimmed  to  a  level  compatible  with  night  flying  is  a  shortcoming.  The  inability  to 
read  the  torquemeter  when  using  NVG  is  a  shortcoming. 

82.  The  OH-58C  radar  altimeter,  AN/APN  209,  has  a  separate  rheostat  for  adjust¬ 
ing  the  light  intensity  for  NVG  operation,  night  dperation  or  full  daylight  use.  The 
rheostat  is  located  on  the  pilot's  instrument  panel  within  easy  reach.  The  sense  of 
the  rheostat  or  direction  of  rotation  is  nonstandard  in  that  clockwise  rotation  dims 
the  intensity  rather  than  increases  it.  The  nonstandard  operation  of  the  radar  alti¬ 
meter  rheostat  is  a  shortcoming. 


Nap-uf-the-Eurth  Evaluation 

83.  The  011-580  helicopter  was  evaluated  on  a  Nap-of-the-earth  (NOH)  training 
course  locateJ  on  the  Fort  Hunter-1  iggett  Military'  Reservation,  California.  The 
evaluation  consisted  of  a  qualitative  pilot  workload  survey,  vibration  assessment 
and  quantitative  flight  control  margins  encountered  in  flight.  Generally,  the  course 
consisted  of  very  hilly  terrain  covered  with  trees  and  large  rocks.  There  were  also 
large.  Hat,  clear  areas  as  well  as  stream  beds,  ravines,  ridges,  and  saddles.  The  course 
elevation  ranged  from  approximately  1000  to  2000  feet.  The  OH-58C  instrument 
panel,  cockpit,  and  external  configuration  was  in  as  near  standard  configuration  as 
possible  lor  these  tests.  The  instrument  panel  glare  shield  was  reinstalled  and  the 
instrumentation  airspeed  boom  was  removed.  Takeoff  gross  weight  was 
3250  pounds,  and  a  forward  eg  location  was  used.  The  crew  doors  were  removed  for 
all  (lights  along  the  SOI  course,  and  a  local  NOE  instructor  pilot  was  always  on 
board  the  aircraft  with  access  to  the  flight  controls.  Weather  conditions  were  gener¬ 
ally  the  same  each  day  tests  were  conducted  on  the  NOE.  course:  outside  air  temper¬ 
ature  was  approximately  0°C,  winds  were  less  than  5  knots  and  days  were  clear  anil 
sunny. 

84.  Tests  were  conducted  using  two  methods.  The  first  method  consisted  of  contin¬ 
uous  (light,  taking  advantage  of  as  much  terrain  or  foliage  cover  as  possible  from  the 
start  point  to  a  predesignateJ  are-  iocated  approximately  one  flight  hour  further 
along  the  course.  This  was  to  simulate  a  mission  from  one  point  to  another  that 
was  almost  entirely  NOE.  The  second  method  was  an  evaluation  of  distinct  NOE 
maneuvers,  such  as  masking  and  unmasking  using  a  hilltop,  saddle,  or  clump  of 
trees  for  cover,  dashes  across  open  terrain,  quick  stops,  climbing,  hillsides  close  to 
the  foliage  cover,  and  sideward  and  rearward  flight. 

85.  While  flying  continuously  or  executing  a  specific  maneuver  along  the  NOE 
course,  directional  control  margins  were  less  than  10  percent  when  right  crosswinds 
were  encountered,  when  quick  stops  were  accomplished,  or  during  unmasking  man¬ 
euvers  from  a  hover.  However,  these  tasks  were  performed  without  difficulty 
(HQRS3).  Aircraft  vibrations  were  not  objectionable  to  the  pilot  ami  were  satis¬ 
factory.  Constant  monitoring  of  the  engine  torque  gauee  was  required  to  keep 
from  exceeding  the  main  transmission  horsepower  limit  of  317  slip.  Small  collective 
control  displacements,  like  those  required  to  climb  over  an  obstacle,  produce  large 
changes  i:i  power  (para  83)  and  contribute  to  ease  ot  overtorqumg  the  main  trans¬ 
mission.  The  overall  handling  qualities,  vibrations  and  pilot  workload  of  the  OH-58C 
in  a  NOE  environment  were  satisfactory  at  the  wind  conditions  and  density  altitudes 
encountered  (less  than  20(.0  feet). 

86.  Results  from  the  NOF.  evaluation  at  Eort  Ifuntcr-Liggett  do  r.->t  reflect  the 
deficiencies  observed  during  low  speed  flight  at  high  density  altitudes  and  heavy 
gross  weights  since  the  density  altitudes  and  wind  conditions  were  low.  The  OH-58C 
should  he  evaluated  at  a  high  altitude  NOH  site. 


RELIABILITY  AND  MAINTAINABILITY 

87.  During  the  conduct  of  this  evaluation,  numerous  reliability  and  maintaina¬ 
bility  items  were  observed.  A  total  of  eight  equipment  performance  reports  (EPR's) 
were  submitted  and  are  included  in  this  report  as  appendix  F. 
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Directional  Control  System 

88.  During  stabilized  right  sideward  flight  at  30  KTAS,  the  primary  directional 
control  system  disconnected  without  pilot  actuation.  Disconnect  was  evidenced 
by  the  PR1.  DIR.  CONTR  disconnect  and  jam  light  illuminating  and  by  slippage  of 
the  left  directional  pedal  to  the  mechanical  stop  (approximately  1  inch).  Controlled 
flight  was  maintained  through  the  secondary  system,  and  primary  directional  control 
was  regained  after  neutralizing  pedals.  The  failure  was  repeated  four  times  and  was 
traced  to  the  forward  electromechanical  "disconnect.  A  thorough  rigging  and 
electrical  check  was  performed  as  outlined  in  the  maintenance  manual  and  revealed 
no  discrepancies  in  the  system  other  than  caution  light  sequencing  which  had  been 
previously  documented.  The  failure  could  not  be  duplicated  on  the  ground. 

89.  The  forward  electromechanical  disconnect  was  replaced  and  sent  to  the  manu¬ 
facturer  for  tear-down  analysis.  Analysis  revealed  two  items  slightly  out  of  tolerance, 
but  the  manufacturer  claims  that  the  disconnect  should  have  worked  properly.  With 
the  new  disconnect  installed,  the  system  worked  satisfactorily  for  approximately 
60  hours  of  performance  and  handling  qualities  testing.  However,  during  follow-on 
testing,  the  directional  system  again  disconnected  during  right  sideward  flight  at 
25  KTAS  without  pilot  actuation.  The  uncommanded  disconnect  of  the  primary 
directional  control  system  during  right  sideward  (right  crosswind)  flight  is  a  defic¬ 
iency.  Equipment  performance  reports  were  submitted  following  both  failures 
and  are  included  in  appendix  F. 

90.  The  maintenance  procedures  outlined  in  the  maintenance  manual,  TM  55- 
1520-228-23  (ref  15,  app  A),  for  removal  and  reinstallation  of  the  disconnect  were 
sketchy  and  vague.  Direction  of  removal,  thread  direction,  and  proper  location  of 
tools  on  the  parts  to  prevent  damage  should  be  specifically  stated  in  the  mainten¬ 
ance  procedures. 

Fuel  Control  Adjustment 

91.  During  attempted  battery  starts  of  the  OH-58C  at  various  pressure  altitudes 
from  2300  to  7010  feet  the  engine  would  hang  start  at  30  percent  gas  generator 
(N  i )  speed.  The  start  sequence  to  30  percent  N|  was  normal  and  boost  pump 
operation  or  advanced  throttle  had  no  effect.  Starts  with  an  auxiliary  power  unit 
(APU)  were  intermittently  successful,  but  not  reliable.  A  sample  of  two  engines 
were  evaluated.  One  engine  was  involved  at  7010  feet  and  a  second  at  2300  and 
4100  feet. 

92.  The  trouble-shooting  guides  listed  in  table  4-1  of  the  maintenance  manual 
(ref  1 6,  app  A)  were  used  to  investigate  the  cause  of  the  intermittant  starts.  A  simple 
fuel  control  adjustment  was  required  as  item  K  of  the  trouble-shooting  guide.  The 
gas  generator  fuel  control  start  derichment  valve  was  adjusted  according  to  the 
instructions  in  the  maintenance  manual,  and  subsequent  normal  starts  occurred.  The 
following  note  should  be  added  to  the  operator's  manual  and  to,  the  appropriate 
sections  of  the  maintenance  manual  to  draw  attention  to  the  requirement  for  fuel 
control  adjustment. 

NOTE 

When  changing  aircraft  operating  environment,  fuel  control 

adjustment  may  be  required  to  preclude  stagnated  or  hot  starts. 
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Transmission  Oil  Cooler 


93.  During  transmission  replacement  on  the  test  aircraft,  the  transmission  oil  cooler 
(which  is  attached  to  the  transmission)  and  transmission  oil  cooler  hose  were  also 
removed.  Approximately  one  pound  of  grass,  leaves,  and  compacted  debris  was 
found  lodged  inside  the  oil  cooler  assembly.  Although  no  transmission  OIL  HOT 
warning  light  had  illuminated  in  previous  flight,  only  a  little  additional  debris  may 
have  caused  an  air  blockage.  The  only  inspection  required,  item  3.23  TM  55-1520- 
288-PMS,  calls  for  a  visual  inspection,  "Transmission  oil  cooler  and  duct  for  con¬ 
dition,  security,  and  obstruction."  There  is  no  screen  on  the  intake  end  of  the  trans¬ 
mission  cooler  hose.  An  inspection  interval  and  procedure  should  be  implemented 
and  a  small  mesh  screen  should  be  placed  over  the  intake  to  the  blower  leading  into 
the  transmission  oil  cooler  hose.  The  easily  clogged  transmission  oil  cooler  system  is 
a  deficiency.  ThY  deficiency  is  common  to  the  OH-58A,  but  not  previously  docu¬ 
mented. 

Engine  Air  Line 

94.  During  flight,  engine  roughness,  torque  fluctuations  and  lateral  airframe  oscilla¬ 
tions  were  observed.  Post-flight  analysis  of  inflight  data  indicated  a  fuel  control 
malfunction.  A  leak  check  was  performed  and  revealed  a  hairline  crack  on  the 
inside  of  the  flared  end  of  the  power  turbine  (PT)  air  line  from  the  double  check 
valve  to  the  fuel  control.  An  identical  air  line  was  removed  from  a  spare  engine  and 
had  a  similar  crack  on  the  opposite  end  of  the  line  of  the  inside  of  the  flared 
portion.  An  investigation  should  be  conducted  on  the  manufacturing  and  installation 
techniques  as  well  as  the  final  item  quality  control. 


SUBSYSTEM  TESTS 
Engine  Performance 

95.  The  uninstalled  T63-A-720  engine  is  rated  at  420  slip  at  the  intermediate  limit 
and  370  slip  lor  maximum  continuous  operation  under  sea  level,  standard  day 
conditions.  These  ratings  are  based  on  measured  gas  temperature  and  an  output 
shaft  speed  of  6180  rpm.  Installed  in  the  OH-58C  at  an  operational  main  rotor 
speed  of  354  rpm  (6180  engine  output  shaft  rpm),  this  engine  will  produce  power  in 
excess  of  the  helicopter  main  transmission  takeoff  limit  of  317  s'hp.  Power  in  excess 
of  the  main  transmission  limit  is  maintained  up  to  6420  feet  at  intermediate  rated 
power  and  up  to  800  feet  at  maximum  continuous  power.  These  installed  powers 
are  based  on  the  Allison  Engine  Specification  876  Model  T63-A-720,  12  September 
I ‘>75.  at  zero  airspeed  with  zero  customer  bleed  air  and  engine  anti-ice  OFF.  Also, 
the  OH-5SA  installation  losses  described  in  references  6,  7,  8,  appendix  A,  were 
applied  to  obtain  the  installed  powers  presented  above.  No  attempt  was  made  to 
measure  any  of  these  losses  during  this  test  program. 

96.  Figures  99  and  100,  appendix  E,  present  the  installed  intermediate  rated 
power  and  maximum  continuous  power  available  at  various  pressure  altitudes  and 
temperatures.  Figures  101  and  102,  appendix  F..  present  the  engine  specification 
fuel  flow  under  standard  day  and  hot  day  conditions,  respectively.  Figure  F  com¬ 
pares  the  power  available  to  the  OH-58C  and  OH-58A  at  intermediate  rated  power. 


Under  hot  day  conditions  (35V),  the  OH-58A  does  not  have  317  slip  available  at 
sea  level.  However,  the  OH-58C  has  317  shp  (main  transmission  power  limit)  avail¬ 
able  to  800  feet.  The  installation  of  the  T63-A-720  engine  significantly  improves  the 
overall  performance  capability  of  the  OH-5 8C. 

97.  Figures  103  through  108  present  data  of  referred  power,  gas  generator  speed, 
fuel  flow,  and  turbine  outlet  temperature.  The  Allison  Engine  Specification  876 
curves  are  also  presented  in  the  figures. 

Airspeed  Calibration 

98.  The  airspeed  system  for  the  OH-58C  was  calibrated  using  the  trailing  bomb  and 
pace  aircraft  methods.  The  ship's  system  airspeed  calibrations  in  level  flight,  climbs, 
and  autorotation  are  presented  in  figures  109  through  111,  appendix  E.  The  cali¬ 
brations  were  first  conducted  witli  the  instrumentation  boom  installed  and  repeated 
with  it  removed.  The  boom  influenced  the  calibration  in  autorotation  at  airspeeds 
above  55  KIAS.  The  011-58C  ship's  system  airspeed  calibration  is  slightly  changed 
from  the  OH-58A  in  all  flight  regimes  tested.  The  position  error  (correction  to  be 
added)  during  level  flight  is  increased  by  approximately  3.5  knots  and  during  auio- 
rotational  flight  the  increase  in  position  error  varies  from  1  to  5  knots.  The  OH-58C 
ship's  system  airspeed  calibration  was  satisfactory. 
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CONCLUSIONS 


GENERAL 

99.  The  following  general  conclusions  were  reached: 

a.  The  hover  and  takeoff  capability  at  heavy  gross  weights  and  high  alti¬ 
tudes  and  the  forward  flight  climb  performance  of  the  OH-58C  are  improved  over 
the  OH-58A  due  to  the  more  powerful  T63-A-720  engine  installed. 

b.  Performance  of  the  OH-58C  in  terms  of  power  required  and  fuel  con¬ 
sumption  is  slightly  degraded  when  compared  to  the  OH-S8A  at  similar  gross  weights 
and  altitudes  and  did  not  meet  the  estimates  of  the  detail  specification  for  the 
OH-58C  interim  Scout  helicopter. 

c.  The  handling  qualities  and  vibration  characteristics  of  the  OH-58C  are 
similar  to  the  OH-58A  when  operating  at  similar  gross  weights  and  altitudes. 

d.  The  OH-58C  ship  system  airspeed  position  error  is  slightly  changed  from 
the  OH-58A. 

e.  It  is  anticipated  that  the  low  speed  flying  qualities  of  the  OH-58C  are  un¬ 
satisfactory  for  the  Nap-of-the-earth  mission  particularly  at  high  density  altitude 
and  high  gross  weight. 


DEFICIENCIES 

100.  The  following  deficiencies  were  identified  and  are  listed  in  order  of  their  rela¬ 
tive  importance.  Of  the  deficiencies  listed  below,  c,  e,  and  f  are  new  to  the  OH-58C. 
Deficiencies  a,  b,  and  g  were  noted  for  the  OH-58A  as  shortcomings,  but  increased 
in  severity  due  to  the  higher  gross  weight,  higher  altitude  capability  and  mission 
change  for.  the  OH-58C.  Deficiency  d,  was  not  previously  documented,  but  is 
common  to  the  OH-58  A  and  C  helicopters. 

a.  Inadequate  directional  control  (para  57). 

b.  The  tendency  to  pitch  and  yaw  excessively  in  rearward  flight  (para.  56). 

c.  The  aperiodic  pitch  divergence  in  forward  flight,  climbs  above  rates  of 
climb  of  1000  ft/min.  (para  45). 

d.  The  easily  clogged  transmission  oil  cooler  system  (para  93). 

e.  Uncommanded  disconnect  of  the  primary  directional  control  system 
during  right  sideward  flight  (para  76). 

f.  A  night  vision  goggle  switch  capable  of  rendering  the  caution/advisory 
panel  unreadable  (para  76). 

g.  The  tendency  to  pitch,  roll,  and  yaw  excessively  in  left  sideward  flight 
(para  58). 


SHORTCOMINGS 


101.  The  following  shortcomings  were  identified  and  are  attributed  to  the  OH-58C 
modification.  They  are  listed  in  order  of  their  importance. 

a.  Divergent  pitch-up  (dig-in)  tendency  near  cruise  airspeeds  (para  50). 

b.  Excessive  2/rev  vibration  at  all  airspeeds  above  density  altitudes  of 
13,00^  feet  and  with  a  gross  weight  near  3,200  pounds  (para  64). 

c.  Unsatisfactory  static  longitudinal  stability  near  cruise  airspeed  (para  31). 

d.  The  flat  plate  canopy  which  bows  in  at  high  airspeed,  vibrates  at  the  rotor 
passage  frequency  and  reduces  the  field  of  view  (para  77). 

e.  Inability  to  read  the  gas  generator  tachometer,  fuel  quantity  and  ammeter 
gauges  and  the  digits  in  the  frequency  window  of  the  UHF  radio  with  the  lights 
dimmed  to  a  level  compatible  with  night  flying  (para  81). 

f.  Ease  of  inadvertent  main  transmission  overtorque  (para  78). 

g.  Inability  to  read  the  torquemeter  gauge  when  using  night  vision  goggles 
(para  81). 

h.  Poor  location  of  the  AN/ARN-89  ADF  set  (para  71). 

i.  Nonstandard  operation  of  the  radar  altimeter  rheostat  (para  82). 

j.  Electromechanical  interference  between  the  force  trim  release  button 
and  the  radar  altimeter  (para  75). 

102.  The  following  shortcomings  were  identified  in  previous  evaluations  of  the 
OH-58A  and  remain  in  the  OH-58C.  They  are  listed  in  order  of  their  importance. 

a.  Ease  of  inadvertent  engine  overtemperature  above  7000  feet  density 
altitude  (para  78). 

b.  Lack  of  pre-select  frequency-select  function  of  the  AN/ARC-116  UHF 
AM  radio  set  (para  72). 

c.  Awkward  operation  of  the  engine  start  controls  (para  73). 

d.  Easily  excited  lateral-directional  gust  response  (para  42). 

e.  Poorly  designed  cyclic  grip  and  poor  location  of  the  force  trim  release 
button  (para  69). 

f.  Electromechanical  interference  between  the  force  trim  release  button 
and  the  fuel  quantity  gauge  and  rate  of  turn  indicator  (para  75). 

g.  Lack  of  a  fire  warning  system  (para  74). 
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h.  Poor  Ideation  of  the  sttndby  compass  (para  70). 

i.  Nonadjustable  crew  seat  (para  68). 

j.  The  uneven  and  liigh  directional  control  sensitivity  (para  49). 

k.  Large  longitudinal  and  lateral  cyclic  trim  control  displacement  bands 
(para  25). 

l.  Excessive  2/rev  vibrations  at  or  near  V^E  airspeeds  (para  64). 

m.  Poor  location  of  AN/APX-1 00  transponder  (para  71 ). 


SPECIFICATION  COMPLIANCE 

103.  Within  the  scope  of  this  test,  the  OH-58C  helicopter  failed  to  meet  the  perfor¬ 
mance  estimates  of  the  detail  specification  for  the  OH-58C  interim  Scout  helicopter. 

a.  Paragraph  3.1.2.2b.  The  out-of-ground  effect  hover  ceiling  on  a  35°C 
hot  day  at  3200  pounds  using  intermediate  rated  power  was  2890  feet  (1360  feet 
less  than  the  4250  foot  estimate)  (para  1 2). 

b.  Paragraph  3.1.2.2f.  The  service  ceiling  (100  ft/min  rate  of  climb)  on  a 
standard  day  was  15,520  (1080  feet  less  than  estimated)  (para  15). 

c.  Paragraph  3.1.2.2g.  The  aircraft  range  at  2000  feet  pressure  altitude, 
35"C  at  MCP  (with  a  takeoff  fuel  allowance  of  2  minutes  at  MCP  at  sea  level  and 
reserve  fuel  of  0.5  hour  at  2000  feet  and  35"C)  was  175  NM  (10  NM  less  than 
estimated)  (para  8). 

d.  Paragraph  3. 1 .2.2h.  The  cruise  airspeed  at  a  pressure  altitude  of  2000  feet 
and  35*C  at  3200  pounds  was  98KTAS  (2  knots  less  than  estimated)  (para  18). 

e.  Paragraph  3.1 .2.2i.  The  aircraft  endurance  at  2000  f ..  .  t  pressure  altitude, 
35’C  (with  a  takeoff  allowance  of  2  minutes  at  MCP  at  sea  lew:  and  reserve  fuel  of 
0.5-hour  at  2000  feet  and  35°C)  was  2.4  hours  (.4  hours  less  than  estimated) 
(para  18). 

104.  Within  the  scope  of  this  test,  the  OH-58C  helicopter  failed  to  meet  the  require¬ 
ments  of  the  Military  Specification,  MIL-H-8501A,  Helicopter  Flying  and  Ground 
Handling  Qualities;  General  Requirements .  for,  as  modified  by  the  deviations  con¬ 
tained  in  the  detail  specification. 

a.  Paragraph  3.2. 1 0.  The  longitudinal  control  gradients  near  cruise  airspeeds 
in  level  flight  at  an  aft  eg  location  were  not  positive  (para  31). 

b.  Paragraph  3.2.10.  The  longitudinal  control  gradient  near  50KCAS  in 
autorotations  are  not  positive  at  airspeeds  higher  than  trim  (para  33). 

c.  Paragraph  3.2.1 1.1b.  The  time  history  of  angular  veiocity  is  not  concave 
downward  within  2.0  seconds  following  an  aft  longitudinal  control  displacement 
(para  39). 


d.  Paragraph  3.2.1.  Steady,  smooth  flight  was  not  obtainable  in  rearward 
flight  to  30  KTAS  (para  56). 

e.  Paragraph  3.2.2.  The  directional  control  limit  was  reached  within 
35  KTAS  in  right  sideward  flight  (para  57). 
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RECOMMENDATIONS 


105.  Correct  the  deficiencies. 

106.  Correct  the  shortcomings  as  soon  as  possible. 

107.  Consideration  should  be  given  to  modifying  the  infrared  countermeasure  ex¬ 
haust  stacks  to  alleviate  the  aperiodic  pitch  divergence  deficiency  (para  46). 

1  OS.  Observe  a  maneuvering  airspeed  of  65  KTAS  (70  KCAS)  to  preclude  diver¬ 
gent  pitch-up  (dig-in)  (para  52). 

109.  Increase  directional  control  margins  at  high  density  altitudes  (para  59). 

1 1 0.  Consideration  should  be  given  to  installing  stability  augmentation  system  to 
improve  the  overall  handling  qualities  of  the  helicopter  (para  59). 

111.  Decrease  the  time  between  inspections  for  the  following  maintenance  actions: 
adp-stment,  swash  plate  and  support  assembly;  main  transmission  mount;  change  and 
tn.dc  main  rotor  blades  and/or  list  them  as  trouble  shooting  guides  when  either  a 
I  /rev  or  2/rev  vibration  is  encountered  (para  64). 

1 1 2.  Incorporate  a  warning  to  the  pilot  for  impending  overtorque  or  overtemper¬ 
ature  (para  78). 

1 1 3.  The  OH-58C  should  be  evaluated  at  a  high  altitude  Nap-of-the-earth  test  site 
(para  86). 

114.  Add  note  to  the  operator's  manual  and  appropriate  maintenance  manual 
regarding  the  requirement  for  fuel  control  (start  derichment  valve)  adjustment 
when  changing  operations  environment  (para  92). 

NOTE 

When  changing  aircraft  operating  environment,  fuel  control 
adjustment  may  be  required  to  preclude  stagnated  or  hot  starts. 


115.  An  inspection  interval  and  procedure  should  be  implemented  for  the  trans¬ 
mission  oil  cooler.  Consideration  should  be  given  to  placing  a  small  wire  mesh  screen 
placed  over  the  intake  to  the  blower  leading  into  the  main  transmission  oil  cooler 
hose  (para  93). 

1 16.  Investigate  the  manufacturing  and  installation  techniques  as,  well  as  the  final 
item  quality  control  of  the  power  turbine  air  tine  from  the  double  check  valve  to  the 
fuel  control  (para  94). 

1 1 7.  Direction  of  removal,  thread  direction,  and  proper  location  of  tools  on  the 
electromechanical  disconnect  should  be  specifically  stated  in  the  maintenance  pro¬ 
cedures  outlined  in  TM  55-1520-228-23  to  preclude  a  needless  waste  of  manpower 
and  parts  (para  90). 
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APPENDIX  B.  DESCRIPTION 


GENERAL 

1.  The  OH-58C  helicopter  is  a  modification  of  the  OH-58A  scout  helicopter. 
The  modification  consists  of  19  primary  changes  to  the  aircraft  in  addition  to 
numerous  hardware  changes.  Table  1  presents  a  list  of  the  19  primary  changes. 

2.  Overall  aircraft  dimensions  and  general  configuration  of  OH-58C  are  unchanged 
from  the  OH-58A.  Maximum  takeoff  gross  weight  of  the  OH-58C  is  3200  pounds 
compared  to  3000  pounds  for  the  OH-58A.  The  OH-58C  main  and  tail  rotor  are 
identical  to  those  on  the  011*58 A.  A  general  description  of  the  OH-58C  aircraft 
including  operating  procedures  and  limitations  is  presented  in  reference  3,  appendix 
A.  Specific  changes  is  discussed  in  the  following  paragraphs. 


ENGINE 


3.  The  T63-A-'T20  turboshaft  engine  built  by  Allison  division  of  Detroit  Diesel 
Corporation  is  installed  in  the  OH-58C  to  increase  its  performance  capability.  The 
physical  characteristics  of  this  engine  are  similar  to  the  T63-A-700  turboshaft  engine 
which  power,  the  OH-58  A.  The  T63-A-720  has  an  uninstalled  sea  level,  standard-day 
intermediate  rating  oi  420  shp  and  maximum  continuous  rating  of  370  shp. 

4.  Tile  engine  is  equipped  with  an  automatic  relight  system,  which  provides 
automatic  engine  reiemtion  in  the  event  of  engine  lljme  out.  The  >ystem  consists  of 
a  control  box.  bleed  pressure  sensing  line,  and  electrical  connectors.  In  the  event  of 
bleed  air  pressure  loss  resulting  from  eneine  flame  out.  the  system  causes  electrical 
power  to  be  applied  to  the  ignitor  plug  to  resume  fuel  combustion.  Activation  of  the 
system  is  indicated  by  the  illumination  of  an  indicator  light  on  the  cockpit 
instrument  panel.  Additional  system  description  is  presented  in  reference  16, 
appendix  A. 


MAIN  TRANSMISSION 

5.  Numerous  Karine  design  and  metalurgical  improvements  are  incorporated  in 
the  main  transmission.  Although  the  power  output  limit  of  the  transmission  is 
unchanged  from  the  OH-58A.  the  transmission  dry  run  capability  and  survivability 
in  the  event  of  loss  of  lubrication  fluid  is  improved. 

6.  Improved  'mam  transmission  pylon  support  fittings  arc  installed  to  enhance 
the  crashworthiness  of  the  main  transmission  support  structure.  These  fittings, 
which,  are  used  to  fasten  the  main  transmission  pylon  support  link  to  the  roof  beam 
of  the  helicopter,  are  fabricated  from  a  stronger  steel  alloy. 

7.  A  main  transmission  oil  pressure  guage  is  provided  on  the  cockpit  instrument 
panel  to  provide  direct  reading  of  transmission  oil  pressure.  This  instrument  is  in 
addition  to  the  transmission  low  oil  pressure  warning  light  on  the  instrument  panel. 
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TAIL  ROTOR  DRIVE  SHAFT 

8.  A  cover  is  installed  over  the  tail  rotor  drive  shaft  to  aid  in  keeping  dust  and  dirt 
from  the  tail  rotor  drive  shaft  bearings.  The  cover  extends  from  the  engine  oil 

■  reservoir  cowling  to  just  forward  of  the  tail  rotor  gearbox. 

9.  New  tail  rotor  drive  shaft  bearing,  and  improved  rubber  seal  for  placement 
between  each  bearing  and  the  drive  shaft  arc  installed  on  the  OH-58C.  The  new 
bearing  which  can  now  be  periodically  lubricated,  and  the  improved  rubber  seal  are 
designed  to  increase  the  reliability  and  maintainability  of  the  tail  rotor  drive  shaft. 


FUSELAGE 


10.  A  four-panel  flat  plate  canopy  is  installed  on  the  OH-58C  in  place  of  the  typical 
bubble  canopy  on  the  OH-58A.  Two  rectangular  forward  panels  and  two  triangular 
side  panels  are  fabricated  from  stretched  acrylic  and  riveted  in  place.  Photos  1  and  2 
illustrate  the  flat  plate  canopy  installation.  Additional  descriptions  are  presented  in 
reference  2,  appendix  A. 

1 1.  Infrared  suppressive  engine  exhaust  ducts  are  installed  on  the  OH-58C.  These 
exhaust  ducts, illustrated  in  photo  2,  incorporate  cooling  fins  and  serve  to  re-direct 
and  to  cool  the  engine  exhaust  gases  before  venting  to  the  atmosphere. 

12.  The  engine  cowl  of  the  OH-58C  is  re-designed  to  suppress  infrared  radiation 
from  the  engine  area  and  provide  improved  engine  cooling.  Two  screened  ports  are 
located  on  the  top  panel  of  the  engine  cowl  forward  of  the  engine  exhaust  ducts. 
The  side  panels  of  the  engine  cowl  are  also  modified  to  incorporate  a  heat 
elimination  tunnel. 

13.  The  external  fuselage  of  the  OH-58C  is  painted  with  low  reflective  paint.  This 
paint  is  designed  to  reduce  glare  from  the  aircraft  structure. 

14.  A  controllable  landing  light  is  installed  on  the  OH-58C.  The  light  is  controllable 
in  elevation  and  azimuth  and  is  similar  to  a  UH-1  search  light.  A  four-way 
momentary  thumb  switch  is  installed  on  the  collective  control  head  to  provide 
control  of  the  landing  light  position  (fig.  I ,). 


FUSELAGE  CONTROLS 

15.  The  cyclic  and  collective  controls  of  the  OH-58C  are  essentially  unchanged 
from  the  OH-58A.  Four  structural  changes  have  been  incorporated  to  reduce  the 
vulnerability  of  the  cyclic  and  collective  control  systems  to  ballistic  damage.  The 
longitudinal  cyclic,  lateral  cyclic,  and  collective  vertical  push-pull  tubes  located  in 
the  enclosed  column  behind  the  front  cockpit  seats  have  been  enlarged  in  diameter. 
The  cyclic  yoke  beneath  the  front  cockpit  seats  has  also  been  enlarged 


4? 


Photo  1 .  Flat  Plate  Canopy  Installed  In  OH-58C. 


Photo  2.  Right  Front  View  of  OH-5SC. 
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Figure  1.  Pilot  Collective  Control  Stick 


16.  A  redundant  tail  rotor  control  system  is  installed  to  provide  backup  tail  rotor 
control.  A  diagram  of  the  primary  and  backup  tail  rotor  control  systems  is  presented 
in  figure  2.  The  backup  system  consists  of  a  push-pull  cable  located  in  a  rigid 
housing.  The  push-pull  cable  is  connected  into  the  primary  tail  rotor  control  system 
at  a  forward  bellcrank  between  the  pilot  and  the  copilot  pedals  and  at  an  aft 
bellcrank  below  the  tail  rotor  gearbox.  The  backup  taii  rotor  control  system 
functions  with  the  primary  system  during  normal  operation.  In  the  event  of  a 
primary  control  jam,  the  primary  system  is  disconnected  at  each  end  by  a 
electro-mechanical  disconnect  link  enabling  the  tail  rotor  to  be  controlled  solely  by 
the  backup  control  system.  The  two  disconnect  links  in  the  primary  system  are 
activated  by  a  toggle  switch  located  on  the  pilot  collective  control  stick  (fig.  1). 
Lights  on  the  instrument  panel  indicate  whether  the  primary  tail  rotor  system  is 
jammed  and  if  the  disconnect  switch  has  been  activated.  There  are  shear  pins  in  the 
backup  system  to  guard  against  possible  malfunctions  of  that  system. 
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CONTROL  (CABLE)  ASSEMBLY 
V  R  (BACKUP)  SYSTEM - 


4) 
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DO  NOT  DISTURB  PRESET  ADJUSTMENT  OF 
ELECTRO  MECHANICAL  DISCONNECT 
CONTROL  TUBE  THIS  'S  NOT  A  RIGGING  POINT 


-SEE  VIEW  B 


SEE  VIEW  A-'  ^ 


ELECTRO  MECHANICAL 
CONTROL  TUBE  - 
V  R  (BACKUP!  SYSTEM 


Figure  2.  Tail  Rolor  Control  Systems 
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INSTRUMENT  PANEL 


1, 7 .  The  OH-58C  instrument  panel  is  enlarged  to  incorporate  additional 
instruments,  indicators  and  avionics  controls.  A  diagram  of  the  instrument  panel  is 
presented  in  figure  3.  Four  principal  new  items  of  avionics  equipment  have  been 
added: 

a.  AN/APR-39  radar  warning  set 

b.  AN/ARN-123  CONUS  navigation  receiver 

c.  AN/APN-209  radar  altimeter 

d.  YG- 1045  proximity  warning  device 

A  more  detailed  description  including  operational  procedures  for  these  items  is 
presented  in  reference  3,  appendix  A. 

18.  All  instruments,  indicators,  and  control  panels  on  the  instrument  panel  are 
internally  lighted  with  red  light.  In  addition,  the  engine  and  flight  instruments 
employ  low-light  level  symbology. 


HEATING/DEFROSTING  SYSTEM 

19.  Two  ventilating  and  defogging  blowers  are  installed  in  the  nose  of  the  OH-58C. 
These  blowers  improve  the  flow  of  bleed  air  heat  to  the  windshields  for  defrosting 
and  improve  the  How  of  ventilating  air  in  the  cockpit. 


FLIGHT  CONTROL 

20.  A  flight  control  rigging  check  was  performed  in  the  aircraft  prior  to  testing. 
Measurements  were  taken  in  accordance  with  applicable  maintenance  procedures 
and  were  within  acceptable  limits. 


WEIGHT  AND  BALANCE 

21.  The  weight  and  balance  of  the  test  aircraft  were  determined  by  weighing  the 
aircraft  after  all  airframe  modifications  and  instrumentation  changes  were  completed. 
The  empty  gross  weight  including  full  oil  and  trapped  fuel  was  determined  to  be 
2 1 37  pounds  with  a  longitudinal  center  of  gravity  at  1)5.1  inches  and  lateral  center 
of  gravity  at  0.4  inches. 


a.  AN/APR-39  radar  warning  set 

b.  AN/ARN-123  CONUS  navigation  receiver 

c.  AN/APN-209  radar  altimeter 

d.  YG-1045  proximity  warning  device 


Figure  3.  OH-58C  Instrument  Panel 
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APPENDIX  C.  INSTRUMENTATION 
AND  SPECIAL  EQUIPMENT 


INSTRUMENTATION 

1.  In  addition  to,  or  instead  of,  standard  aircraft  instruments,  calibrated 
instrumentation  was  installed  aboard  the  test  aircraft  and  maintained  by  USAAEFA 
personnel.  Data  were  recorded  from  cockpit  instruments  on  flight  data  cards  and 
from  the  test  instrumentation  system  on  magnetic  tape  (PCM  and  FM). 

2.  The  test  instrumentation,  calibrated  ship's  system  instrumentation  and  related 
special  equipment  installed  are  listed  below.  The  test  instrumentation  package  was 
installed  in  the  passenger/cargo  area  of  the  test  aircraft  (photos  I  and  2). 


PILOT  STATION 


Airspeed  (boom  and  ship's  systems) 

Pressure  altitude  (boom  and  ship's  system) 

Radar  altitude 

Main  rotor  speed 

Engine  torque 

Turbine  outlet  temperature 

Gas  generator  speed 

Power  turbine  speed 

Angle  of  sideslip 

Normal  acceleration 

Load  cell  (tethered  hover  performance) 


COPILOT/ENGINEER  STATION 

Roll  attitude  indicator 

Free  air  temperature 

Fuel  flow  rate 

Fuel  used 

Run  number 

Time  of  day 

Event 

Control  fixture  mounts 
Decommutation  unit 


DIGITAL  (PCM)  DATA  RECORDED  ON  MAGNETIC  TAPE 

Airspeed  (boom  and  ship's  system) 

Pressure  altitude  (boom  and  ship's  system) 

Angle  of  attack 
Angle  of  sideslip 
Main  rotor  speed 
Free  air  temperature 
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Photo  I .  Instrument  Package  Right  Side 


Photo  2. 


Fuel  used 
Fuel  How  rate 
Turbine  outlet  temperature 
Engine  torque 
Gas  generator  speed 
Power  turbine  speed 
Center  of  gravity  normal  acceleration 
Control  positions 
Longitudinal 
Lateral 
Directional 
Collective 
Throttle 

Aircraft  attitudes  and  angular  velocities 
Pitch 
Roll 
Yaw 
Event 

Run  number 
Time  of  day 

Radar  altitude  (NOE  evaluation  only) 


ANALOG  (FM)  DATA  RECORDED  ON  MAGNETIC  TAPE  (VIBRATION 
ASSESSMENT  AND  NOE  EVALUATION  ONLY) 

Vibration  (accelerometer  location) 

Pilot  station  (floor) 

Vertical 
Lateral 
Longitudinal 
(  opilot  station 
Vertical 
Lateral 
Longitudinal 

Instrument  panel  front  center 
Vertical 
Lateral 
Longitudinal 

Instrument  panel  backside  upper  right  comer 
Vertical 
Lateral 
Longitudinal 

3.  A  tethered  hover  rig  and  load  cell  arrangement  manufactured  by  USAAEFA 
personnel  were  used  for  the  hover  performance  tests  (photo  3)  In  addition  to 
instrumentation  installed  on  the  aircraft  other  specialized  equipment  was  required. 
Portable  wind  towers  (50  feet)  were  used  to  measure  wind  speed  and  direction 
during  all  the  low  speed  and  hover  tests.  A  pace  vehicle  with  a  calibrated  fifth  wheel 
and/or  radar  speed  gun  was  also  used  during  the  low  speed  flight  tests.  Takeoff 
distances  and  speeds  were  determined  for  the  takeoff  performance  tests  from 
azimuth  and  elevation  angles  recorded  on  paper  tape  from  recording  optical 
instruments,  and  a  mobile  computer  van  was  used  to  process  data  recorded  on 
magnetic  tape  at  the  remote  test  sites. 
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APPENDIX  D.  TEST  TECHNIQUES 
AND  DATA  ANALYSIS  METHODS 

TEST  TECHNIQUES 

I.  Conventional  test  techniques  were  used  in  both  the  performance  and  handling 
qualities  tests.  Detailed  descriptions  of  all  test  techniques  arc  contained  in  references 
13  and  14,  appendix  A.  The  Handling  Qualities  Rating  Scale  presented  in  figure  1 
was  used  to  augment  pilot  comments  relative  to  handling  qualities  and  the  Vibration 
Rating  Scale  in  figure  2  was  used  to  augment  the  pilot  comments  relative  to 
vibrations.  Definitions  of  deficiencies  and  sho«-#  comings  are  as  stipulated  in  Army 
Regulation  AR  310-25  (ref  19). 

DATA  ANALYSIS  METHODS 


Nondimensional  Coefficients 

2.  The  helicopter  performance  test  data  were  generalized  by  use  of  nondimen¬ 
sional  coefficients.  The  following  nondimensional  coefficients  were  used  to 
generalize  the  hover,  climb,  level  flight,  and  autorotational  results  obtained  during 
this  evaluation: 


a.  Coefficient  of  the  power  (Cp): 

SI  II*  x  550 
pA<12R)3 

b.  Coefficient  of  thrust  (Cy): 

(j  =  _ 

pA(f2R)3 

c.  Advance  ratio  (p): 

I  (iX7X  Vt 

P  - i — 

S2R 

d.  Advancing  blade  tip  mach  number  (Mxil*): 

m|;  i-  1 .6878  V't  +  (f2R  > 


(I) 


<2> 


(3) 


(4) 


Where: 

SUP  =  Engine  output  shaft  horsepower 
550  =  Conversion  factor  (ft-lb/scc/shp) 
p  =  Air  density  (slup/l  t^) 

A  “  Main  rotor  disc  area  (ft-) 

J2  =  Main  rotor  angular  velocity  (radian/sect 
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DEMANDS 


DECREE  OF  PILOT 

VIBRATION  DESCRIPTION1  RATING 


R  =  Main  rotor  radius  (ft) 

GW  =  Aircraft  gross  weight  (lb) 

Vt  =  True  airspeed  (kt) 
a  =  Speed  of  sound  (ft/sec) 

1 .6878  =  Conversion  factor  (ft/sec/kt) 
35\  4"  =  Main  rotor  diameter 


True  airspeed  (Vj)  was  calculated  using  calibrated  airspeed  (VcaL)  afid  density 
ratio  (a)  as  follows: 

Vt-  VCAL 


Where: 


s/a 


(5) 


a  -  p/,0023769 

Shaft  Horsepower  Required 

3.  The  engine  output  shaft  torque  was  determined  from  the  engine  manufacturer's 
torque  system.  The  relationship  of  measured  torque  pressure  (psi)  to  engine  output 
shaft  torque  (in-lb)  as  determined  in  the  engine  test  cell  calibration  is  shown  in 
figure  3.  The  output  shp  was  determined  from  the  engine  output  shaft  torque  and 
rotational  speed  by  the  following  equation : 


SHP 


=  -  x  Np  x  Q 
33000 


(6) 


Where: 


Np  =  Engine  output  shaft  rotational  speed  (rpm) 

Q  =  Engine  output  shaft  torque  (in-lb) 

33000  -  Conversion  factor  (ft-lb/min/shp) 

Hover 

4.  Hover  performance  was  obtained  both  IGF  and  OGE  by  the  free  flight  and 
tethered  hover  techniques.  All  hover  tests  were  conducted  in  winds  of  less  than  three 
knots.  Atmospheric  pressure,  temperature,  and  wind  velocity  were  recorded  from  a 
ground  weather  station.  Free  flight  hover  tests  consisted  of  stabilizing  the  helicopter 
at  a  desired  height  with  reference  to  a  pre-measured  weighted  cord  hung  from  the 
landing  fear  skid.  The  aircraft  initial  gross  weight  for  free  flight  hover  was 
determined  by  either  the  maximum  gross  weight  or  maximum  power  (drive  train 
limit).  Weight  was  incrementally  removed  from  the  aircraft  until  the  minimum  gross 
weight  was  obtained .  Tethered  hover  test  used  a  tethered  hover  load  cell 
arrangement  described  in  appendix  C.  All  hover  data  were  reduced  to 
nondimensional  parameters  of  Cp  and  Cj  (equations  1  and  2,  respectively). 

Level  Flight  Performance  and  Specific  Range 

5.  Level  flight  speed  power  performance  data  was  reduced  using  equations  1,  2. 
and  3.  Each  speed  power  was  flown  at  a  predetermined  constant  Cyby  maintaining 
a  constant  referred  gross  weight  (W/5)  and  referred  rotor  speed  (N /y/0  ).  A  constant 
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W/5  was  maintained  by  increasing  ambient  pressure  ratio  (S)  as  the  aircraft  gross 
weight  decreased  due  to  fuel  burnoff.  Rotor  speed  was  also  varied  to  maintain  a 
constant  NA/$"  as  the  ambient  air  temperature  varied. 

6.  Test-day  level  flight  power  was  corrected  to  standard  day  conditions  by 
assuming  that  the  test-day  dimensionless  parameters,  Cpt,  CTt«  and  u t  are 
independent  of  atmospheric  conditions.  Consequently,  the  standard  day 
dimensionless  parameters  Cps,  Cjo,  and  Us  are  identical  to  Cpt,  CTt>  and  ut 
respectively.  From  equations  1  ana  3  the  following  relationship  can  be  derived: 


SHPs  =  SHPt 


Where: 

t  *  Test  day 
s  *  Standard  day 


7.  Specific  range  was  calculated  using  level  flight  performance  curves  and  the 
specification  installed  engine  fuel  flow  characteristics. 


Where: 


NAMPP  = 

Wf 


NAMPP  =  Nautical  air  miles  per  pound  of  fuel 
Vt  -  True  airspeed  (kt) 

Wf=  Fuel  flow  (Ib/hr) 


(8) 


8.  Changes  in  the  equivalent  flat  plate  area  (Afe)  for  various  aircraft 
configurations  were  calculated  by  the  following  equation: 


Where: 


Afe  = 


2  (ACp)A 
A*3 


Afe  *  Change  in  flat  plate  area  (ft2) 

ACp  a  Change  in  coefficient  of  power  at  constant  Cx  and  u 
A  *  Main  rotor  disc  area  (ft2) 


(9) 
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Sawtooth  Climbs  and  Autorotational  Descents 


9.  A  series  of  sawtooth  climbs  and  autorotorational  descents  were  flown  to 
determine  generalized  climb  and  descent  performance.  The  rates  of  climb  and 
descent  (dHp/dt)  were  determined  from  the  rate  of  change  of  boom  pressure 
altitude  (Hp)  with  time,  corrected  for  instrument  error,  static  position  error,  and 
altimeter  error  caused  by  nonstandard  temperature  using  the  following  equation: 


R/C  =  -li- 

dt  Ts 


(10) 


Where: 

dt  60 


=Slope  of  pressure  altitude  versus  time  curve  at  a  given  pressure 
altitude  (ft/min) 


Tt  3  Test  ambient  air  temperature  at  the  pressure  atlitude  at  which  the  slope 
is  taken  OC) 


Tj  =  Standard  ambient  air  temperature  at  the  pressure  altitude  at  which  the 
slope  is  taken  (°K) 


10.  Climb  and  descent  performance  data  were  reduced  to  generalized  parameters 
to  provide  a  format  for  computing  performance  at  any  specified  climb  or  descent 
conditions.  The  following  parameters  were  used  to  generalize  the  climb,  and  descent 
data: 

Generalized  power,  variation  from  level  flight : 


Cpc  -  cPl 
0.707  d  15 


(II) 


Vertical  velocity  ratio: 


WR  =  --V 

ftRv/n72 


Forward  velocity  ratio: 


FVR  = 


Yf 

S2Rs/n72 


(12) 


(13) 


Where: 


Cpc  =  Climb  power  coefficient 

CPl  =  Level  flight  power  coefficient 

Vy  =  Vertical  velocity  (ft/sec) 3  Rate  of  Climb/60 

Vf  =  Forward  velocity  (ft/sec)  =v/(VT  x  1.6878)2  -  Vy2 
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1 1 .  Climb  power  required  for  any  condition  can  then  be  computed  from  these 
equations  by  determining  ACpQgj^  as  a  function  of  the  VVR  and  FVR  required 
for  the  specific  condition.  The  level  flight  power  coefficient  (CpE)  was  obtained 
from  the  nondimensional  level  flight  performance  curves. 


Cpc  =  0.707  CpGEN  +  CpL 


(14) 


12.  The  climb  power  correction  coefficient  (Kp)  can  be  derived  as  a  function  of 
dimensional  and  nondimensional  terms  as  shown  below: 

Dimensional : 


Kp -AML  6W 
*  AS  HP  33000 


(15) 


Nondimensional: 


Kp  =  J^_  Ct 

ACp  1 


(16) 


Engine  Inlet  Characteristics 

13.  The  engine  inlet  temperature  and  pressure  characteristics  were  obtained  from 
references  6,  7,  and  8,  appendix  A. 

Shaft  Horsepower  Available  and  Specification  Fuel  Flow 

14.  Shaft  horsepower  available  and  specificaiton  fuel  flow  were  obtained  from 
Allison  Engine  Model  Specification  computer  program,  US  Army  Model  T63-A-720, 
Model  Spec  876,  dated  12  September  1975  (250-C20C)  and  the  inlet  characteristics 
described  in  reference  2,  app  A. 

15.  The  referred  terms  of  the  engine  parameters  were  used  to  compare  the  test 
engine  with  the  model  specification  engine.  Data  on  SHP,  turbine  outlet  temperature 
(TOT),  fuel  flow  (Wf),  and  gas  producer  speed  (Nj)  were  referred  as  follows: 

a.  Referred  SHP  (RSHP) 


RSHP  = 


SHP 

8lv7 


(17) 


b.  Referred  turbine  outlet  temperature  (RTOT) 

RTOT  =  J2I_ 

0| 


(18) 


At 


c.  Referred  fuel  flow  (RWf) 

d.  Referred  gas  producer  speed  (RNi) 


RNl  = 


Where; 


14.697 


288.15 

Wf  =  Engine  fuel  flow  (lb/hr) 

PTj  =  Engine  inlet  total  pressure  (psi) 

Tl  *  Engine  inlet  total  temperature  (°K) 

N  i  =  Gas  generator  speed  referenced  to  5 1 1 20  rpm  (percent) 

Ki ,  K2,  K3  =  Correction  factors  for  shaft  hofsepower,  gas  generator  speed  and 
fuel  flow. 

Pitot-Static  Calibration 

16  The  boom  and  ship's  standard  pitot-static  system  were  calibrated  by  using  the 
pace  aircraft  and  trailing  bomb  methods  to  determine  the  airspeed  and  altimeter 
position  error.  Calibrated  airspeed  (VcAL)  was  obtained  by  corrected  indicated 
airspeed  (Vi)  for  instrument  error  (AVU  and  position  error  (AVpc)  (figs  4,  5,  and 
6).  Likewise  pressure  altitude  (Hp)  was  obtained  by  correcting  indicated  pressure 
altitude  (Hp;)  for  instrument  error  (AHpjc)  and  position  error  (AHPpj.).  the 
altimeter  post  ion  error  (AHpc)  was  calculated  using  AVpc  and  assuming  all  error 
were  introduced  at  the  static  port. 

VcAL  =  Vi  +  AVic  +  AVpc  (21) 


AHppc  -  AVpC  x 


58.566 


rt  He*)2] 


Hp  =  Hpj  +  AHpic  +  AHppC 


*2 


CORRECTION  TO  BE 

irtnrn  /!  uurt-rcV  ■ 


RAirCGi  /ilRBPEEQ  (RNdtST 


NOT  FOR  HANDBOOK  USE 


Where: 


as  =  Density  ratio  at  the  indicated  pressure  altitude  corrected  for  instrument 
error 

Vic  =  Indicated  airspeed  corrected  for  instrument  error 
asL  =  Speed  of  sound  at  sea  level  (kt) 
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FIGURE  72-A 

LOW  SPEED  FLIGHT  CHARACTERISTICS  AT  VARIOUS  RELATIVE  WIND  AZIMUTHS 

0H-58C  USA  S/N  68-16724 
SKID  HEIGHT  *  10  FEET 


VG 

AVG 

AVG 

f*VG 

OSS 

CG  LOCATION 

DENSITY 

AVG 

ROTCR 

AVG 

IGHT 

LONG 

LAT 

ALTITUDE 

OAT 

SPEED 

<7 

LB) 

(IN) 

(IN) 

(FT) 

CC) 

(RPM) 

180 

107.0(FWD)  0.6 

5400 

18.0 

355 

0.003713 

NOTE:  CONFIGURATION:  CLEAN,  DOORS  ON 


FIGURE  72-B 

LOW  SPEED  FLIGHT  CHARACTERISTICS  AT  VARIOUS  RELATIVE  WIND  AZIMUTHS 

0H-58C  USA  S/N  68-16724 
SKID  HEIGHT  =  TO  FEET 


AVG 

AVG 

AVG 

AVG 

GROSS 

CG  LOCATION 

'  DENSITY 

AVG 

ROTOR 

AVG 

WEIGHT 
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APPENDIX  F.  EQUIPMENT  PERFORMANCE  REPORTS 


The  following  EPR's  were  submitted  during  the  Model  OH-S8C  A&FC  and  are  in¬ 
cluded  as  part  of  this  appendix. 


EPR  NO. 

Date  Submitted 

Descriptive  Title 

76-11-1 

21  Jun  78 

Primary  Directional  Control 
System  Uncommanded  Dis¬ 
connect 

76-11-2 

1  Jul  78 

Adjustment:  Gas  Generato 

Fuel  Control  Start  Derichment 

76-1 1-3 

12  Jul  78 

Stiff  Directional  Control 
System  at  Cold  Ambient 
Temperature 

76-11-4 

29  Aug  78 

Failure  P.T.  Line  (Engine 

Air  Line 

76-11-5 

5  Sep  78 

Gogged  Oil  Cooler  Trans¬ 
mission  Hose 

76-11-6 

20  Sep  78 

Failure  Caution  Light 
Annunciator  and  Control  Panel 

76-11-7 

26  Sep  78 

Failure  Caution  Light  Annun¬ 
ciator  and  Control  Panel 

APPENDIX  G.  ABBREVIATED  TliST  PLAN, 
OH-58C  VIBRATION  AND  NOE  TESTS 


DAVTL-TA 


DEPARTMENT  OF  THE  ARMY 

U.  S.  AKMV  AVIATION  ENGINEERING  FLIGHT  ACTIVITY 
EOWAROS  AIR  FORCE  BASE.  CALIFORNIA  93523 


-1  -J  NOV  W& 


SU8JECT:  Abbreviated  Test  Plan,  0H-58C  Vibration  and  NOE  Tests, 
USAAEFA  Project  No.  76-11-3 


Commander 

US  Army  Aviation  Research  and  Development  Command 
ATTN:  DRDAV-EQI 
PO  Box  209 

St.  Louis,  Missouri  63166 


1.  References,  a.  Fonecon  between  Mr.  Charles  Crawford,  DRDAV-EQI, 
and  Mr.  John  Blaha,  USAAEFA,  27  Oct  78. 

b.  Message,  DRDAV-EQI,  subject:  ,  USAAEFA  Project  No.  76-11-2  0H-58C 
A&FC,  dated  28  Oct  78. 

2.  .  Introduction.  As  a  result  of  the  US  Army  Aviation  Engineering  Flight 
Activity  (USAAEFA)  testing  of  the  0H-58C  helicopter  during  Project  No. 
76-11-2  A&FC,  an  investigation  of  the  never-exceed  airspeed  limit  envelope 
based  on  gross  weight  as  well  as  density  altitude  was  recommended.  The 
USAAEFA  was  tasked  (ref  b)  to  conduct  flight  tests  to  obtain  vibration 
data  in  level  and  diving  flight  and  fly  a  nap-of-the-earth  (NOE)  course 
with  the  specially  instrumented  0H-58C-  helicopter  S/N  68-1G7M  it  i c  ■ 
anticipated  that  a  total  of  12  flying  hours  will  be  required  (6  hours  at 
Edwards  AF8  and  6  hours  at  a  NOE  course).  Test  flying  is  scheduled  to 
begin  on  or  about  20  Nov  78,  with  a  target  completion  date  of  1  Dec  78. 

3.  Detail  of  Test.  The  tests  for  vibration  data  in  level  and  diving 
flight  willbe  conducted  at  Edwards  AFB,  CA,  under  the  conditions  listed 
in  table  1.  The  instrument  panel  will  be  returned  to  near  standard  con¬ 
figuration  for  these  tests.  The  vibration  at  the  floor  under  the  pilot 
and  copilot  seats  and  at  the  center  and  upper  left  corner  of  the  instru-. 
ment  panel  will  be  recorded  on  magnetic  tape.  This  instrumentit ion  will 
be  installed  by  the  USAAEFA  personnel.  This  is  in  addition  to  the  para¬ 
meters  already  installed  on  the  test  aircraft.  The  NOE  courses  at  Fort 
Hunter-Liggett,  CA,  will  be  utilized  for  the  NOE  portion  of  this  test. 

A  NOE  flight  instructor  will  be  on  board  for  all  NOE  tests.  Several  NOE 
courses  will  be  used  to  obtain  data  for  vibrations  and  handling  qualities 


182 


m 


i S?!38W 


X 


DAVTE-TA 

SUBJECT:  Abbreviated  Test  Plan,  0H-58C  Vibration  and  NOE  Tests, 
USAAEFA  Project  No.  76-11-3 

and  two  USAAEFA  test’ pilots  will  fly  the  courses.  A  motion  picture 
camera  will  be  used  from  the  chase  aircraft  to  photograph  the  test 
helicopter  during  the  performance  of  several  of  its  mission  maneuvers. 


Table  1.  Test  Conditions1 


Test 

l“~ - • - 

Density 

Altitude 

(ft) 

Indicated 

Airspeed 

(kts) 

Remarks 

Level  and2 

2700,  3000 

5000,  10000 

50  to  Vne3 

Power  for4 

diving  flight 

&  3200 

&  14000 

(10  knot  increments) 

level  flight 

NOE  course 

3200 

surface 

zero  to  50 

■ 

_ 

'Configuration:  clean,  all  doors  on.  Fuselage  eg  1 07 . 3( P/JD) ,  butt  line 
eg  O.S(RT) . - 

'Main  rotor,  speed  347  and  355  rpm. 

'Vne  never  exceed  airspeed. 

'■Power  for  maximum  level  flight  airspeed  will  be  used  during  dives. 


4.  The  following  pretest  checks  and  calibrations  have  been  performed 
during  Project  76-11-2  0H-58C  A&FC  and  will  be  used  or  upgraded  as 
necessary  for  these  tests: 


Weight  and  balance 
Fuel  cel  1  cal ibration  j 
Control  system  rigging 


5.  Safety.  The  highest 
throughout  the  entire  tes^ 
course,  a  crash  rescue  UH 
and  a  medic  will  be  util i 
preaccident  plan  for  the 


qegree  of  safety  precautions  will  be  observed 
program.  During  tne  flight  test  on  the  NOE 
1  (Firebird)  aircraft  with  trained  firemen 
ied.  The  project  officer  will  have  an  up-to-date 
test  site. 


6.  Test  Report.  An  abbre 
US  Army  Aviation  Research 
after  completion  of  test 


viated  test  report  will  be  submitted  to  the 
and  Development  Command  as  soon  as  practical 
flying. 


DENNIS  M.  BOYLE 
Colonel,  Armor 
Commanding 
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During  early  morning  high  altitude  testing,  with  ambient  temperature  of  0°C,  the  . 
directional  control  system  became  extremely  stiff.  Pedal  breakout  force  was  estimated 
at  35  lb.. Rapid  pedal  Inputs  resulted  in  jam  light  illumination  {50  lb).  After  1.5  hrs. 
of  flight,  the  pedals  returned  to  normal  (ambient  temp  at  10°C).  A  similar  problem  was 
encountered  on  another  flight  with  an  ambient  temperature  of  3°C-,  however,  pedal 
stiffness  was  not  as  severe. 

Suspect  cold  induced  binding  in  secondary  directional  control  system  due  to  lubricant 
used  or  dissimilar  metals.  Potential  problem  during  cold  weather  operations. 
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During  battery  start  at  2300  ft,  4100  ft;  and  7012  ft,  enqine  would  hanq  start  at 
30%  N.,  start  sequence  to  30%  N.  was  normal,  boost  pump  and  advanced  throttle  had  no 
effect.  Starts  With  auxiliary  power  (APU)  were  intermittently  successful,  but  not 
reliable.  Production  engine  involved  at  7012  ft,  2nd  production  enqine  with  calibrated 
torque  system  involved  at  2300  and  4100  ft. 

Adjusted  gas  producer  fuel  control  start  derichment  per  instructions  in  TM  55-2840-241- 
23  pg.  5-11  (g)  on  the  2nd  production  enqine. 

Recommend  NOTE  be  added  to  maintenance  manual  and  ooerator's  manual  hiahliqht  require¬ 
ment  for  fuel  control  adjustment  when  chanqinq  aircraft  operatinn  environment.  The 
required  fuel  control  adjustment  is  listed  as  item  K  or  the  11th  Item  of  trouble 
shooting  table  4-1  (TM  55-2840-241-23)  with  no  note  or  hiahliqht  to  emphasize  need 
during  altitude  changes. 
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During  stabilized  right  sideward  flight  at  30  kts,  the  primary  directional  control 
system  disconnected  without  pilot  actuation.  Disconnect  was  evidenced  by  the  PRI.  DIR. 
C0NTR.  Disconnect  and  JAM  Light  illuminating  and  by  slippaqe  of  the  left  directional 
pedal  to  the  mechanical  stop  (approximately  one  inch).  Controlled  fliqht  was  maintained 
through  the  secondary  system,  and  primary  directional  control  was  regained  after 
neutralizing  pedals.  Failure  was  repeated  four  times  and  recorded  on  an  onboard  flight 
recorder.  Through  recorded  data,  failure  was  traced  to  the  forward  Electro-mechanical 
"disconnect".  A  thorough  rigging  and  electrical  check  was  performed  as  outlined  in  the 
maintenance  manual  and  revealed  no  discrepancies  in  the  system  other  than  caution  lioht 
sequencing  which  had  been  previously  documented.  The  failure  could  not  be  duplicated  on 
the  ground. 


■  tfPO*T 


29  August  1970 


C1AVTE  -  TA 


—  ■  ■  * 

'***  Conxnander 

US  Army  Avia  "on 

Engr  Flight  Activity 

ATTN:  DAVTE-TA 

Edwards  AFB.  CA 

93523 

76-11-4 


0H-58C  A&FC 


Mcrw  A  •  HUM  ITVH  MU 


’  68  16724 


Helicopter  Textron 


MCTMM  •  •  Mlf  MU 


P.T.  line  (engine  air  line 


PN:  6877277-A 


FSN: 4/10-01 -042-5507 


two  (2) 


•«.  •••«•»€•  avfl 


Engine  surge  in 
flight. 

Leak  check  on  ground 


A1 1 ison 


N||T  IMlMllT 


If  C  T tOM  C  •  MClMMV  BA  Ya 


•MCiD«Nt  CtMII 


•«  0»PtCl««K» 


W  iMoarcoMma 


78.  0730  hrs 


mctiom  o  ■  iHCiptNT  dcscihptiom 


oiaca'tc  taciOlNT  fuu«  fOeAe1««lta  »arK«ihi|«  ere  t  *m  rmlmmtlflftf*) 

During  an  experimental  test  flight,  engine  roughness,  torque  fluctuations  and  lateral 
airframe  oscillations  were  observed.  Post  flight  analysis  of  inflight  data  indicated 
a  fuel  control  malfunction.  A  leak  check  was  performed  and  revealed  a  hairline  crack 
on  the  inside  of  the  flared  end  of  the  PT  air  line  from  the  double  check  valve  to  the 
fuel  control.  An  identical  air  line  was  removed  from  a  spare  engine  (we  are  testing 
with  a,  calibrated  engine)  and  had  a  similar  crack  on  the  opposite  end  of  the  line  on 
the  inside  of  the  flared  portion. 

NOTE:  Flight  Fax  Vol .  6  No.  37,  dated  5  Jul  78  strictly  prohibits  local,  manufacture 
of  replacement  lines. 
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During  transmission  replacement  on  an  QH-58C,  the  transmission  cooler  (which  Is 
attached)  and  transmission  cooler  hose  were  also  removed.  Approximately  one  pound  of 
grass,  leaves,  and  compacted  debris  was  found  iodged  Inside  the  oil  cooler  assembly. 
Although  no  transmission  OIL  HOT  warning  light  had  iliuninated  in  previous  flights, 

1*  felt  that  only  a  little  additional  oebris  would  have  been  required  to  cause  an 
air  blockage  and  probable  forced  landing.  The  only  inspection  required,  item  3.23 
TM  55-1 520- 228-PMS,  calls  for  a  visual  inspection.  "Transmission  oil  cooler  and  duct 
for  condition,  security,  and  obstruction."  There  is  no  screen  on  the  Intake  end  of  the 
transmission  cooler  hose. 

Recommend  an  Inspection  Interval  and  procedure  be  implemented  and  that  a  small  mesh 
screen  be  placed  over  the  Intake  to  the  blower  leading  into  the  transmission  oil 
cooler  hose. 
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During  a  power  ON  aircraft  inspection,  the  caution  panel  circuit  breaker  popped  and 
would  not  reset.  Failure  was  traced  to  an  internal  electrical  short  inside  the 
caution  light  annunciator  anc  control  panel.  This  is  the  third  caution  panel  to  fail 
in  the  same  manner  in  a  two  month  period  (first  fail  3  Aug  78,  second  fail  20  Sep  78). 
Total  flight  time  on  the  third  caution  panel  is  0.7  hours.  The  caution  panels  are 
being  held  for  analysis.  A  visual  and  electrical  inspection  of  the  helicopter  is  being 
conducted  to  try  to  determine  if  the  failures  could  have  been  caused  by  abnormalities 
within  the  aircraft. 


"*“*  . . .  350-6234 

SHERWOOO  C.  SPRING,  MAJ,  SC 
Project  Officer,  Project  No.  76-11 


•  m.,~  1002  1 


**<•••«  *t  1  A .4  T4.  — ,  fc»  om4. 
189 


APPENDIX  H.  LETTER,  SUBJECT 
AVIATOR  BACKACHE 
IN  THE  OH-58C  HELICOPTER 


DEPARTMENT  OF  THE  ARMY 

U  S  ARMY  AEROMEDlOAL  RESEARCH  LABORATORY 
FORT  RUCKER  ALABAMA  36362 
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13  October  1978 


SUBuECT:  Aviator  Backache  in  the  0H-58C  Helicopter 


Commander 

US  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  OAVTE-TA  (COL  D.  M.  Boyle) 
Edwards  Air  Force  Base,  CA  93523 


1.  Reference  is  made  to  your  letter,  dtd  18  Sep  78,  subject:  OH-58 
Helicopter  Seat.  In  response  to  your  request,  tr.a  Field  Research  and 
Biomedical  Applications  Division,  US  Army  Aeromedical  Research  Labora¬ 
tory  (USAARL),  conducted  an  evaluation  of  the  reported  aviator  backache 
and  pain  experienced  in  the  OH-58  Scout  Helicopter. 

2.  The  evaluation  consisted  of  an  anthropometric  review  of  the  seat 
design  and  crew  station  configuration  of  the  0H-58C  and  0H-58A  model 
aircraft  located  at  Fort  Rucker,  AL.  In  addition,  a  questionnaire  re¬ 
lating  to  seat  comfort  and  back  pain  in  the  OH-58  was  administered  to 
25  OH-58  instructor  pilots  and  25  initial  entry  rotary  wing  aviator 
students  of  the  Aeroscout  Branch,  Department  of  Flight  Training,  Fort 
Rucker,  AL.  Structured  interviews  regarding  the  topic  were  also  con¬ 
ducted  with  aviators  who  have  flown  both  the  0H-58A  and  0H-58C  model 
aircraft.  The  above  approach  was  followed  to  provide  the  most  effective 
evaluation  within  the  allotted  time  schedule. 

3.  The  conclusions  reached  from  the  dala  obtained  during  that  evalua¬ 
tion  and  past  laboratory  experience  related  to  aviator  seats  are: 

a.  The  reported  backache  and  pain  are  not  limited  to  the  0II-58C. 

A  similar  problem  exists  in  the  0H-58A.  Of  the  aviators  questioned, 

86%  indicated  they  do  experience  some  back  pain  while  flying  the  OH-58. 
Aviators  who  have  flown  both  aircraft  indicated  no  noticeable  differ¬ 
ence  between  the  two  aircraft  with  resoect  to  backache  or  pain. 
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b.  The  problem  does  not  appear  to  be  limited  to  a  given  age  group 
or  aviator  experience  levels.  Both  the  experienced  instructor  pilots 
and  the  initial  entry  rotary  wing  aviator  students  reported  some  degree 
of  backache  and  discomfort  during  flight.  There  was  one  noticeable 
difference  in  that  the  newer  aviators  reported  experiencing  back  pain 
earlier  in  the  flight  period  than  did  the  instructor  pilots . 

c.  The  seat  configurations  of  both  the  0H-58A  and  0H-53C  model  heli¬ 
copters  do  not  conform  to  the  anthropometric  measurements  of  US  Amy 
aviators.  In  particular,  the  support  provided  by  the  increased  width 

of  the  lower  portion  of  the  back  cushion  is  located  too  low  to  provide 
proper  support  to  the  critical  lumbar  spine  region  of  aviators  in  the 
5th  to  95th  percentile  range.  In  addition,  the  trunk  to  thigh  angle 
of  the  seat  (back  support  slope)  is  less  than  optimal.  The  present  seat 
configuration  actually  makes  it  difficult,  if  not  impossible,  for  aviators 
to  position  their  back  with  proper  spinal  alignment  and  balance 

d.  The  location  of  the  aircraft  controls  in  relation  to  the  non- 
adjustable  seat  position  requires  the  majority  of  the  aviators  sur¬ 
veyed  to  adopt  a  seating  position  that  forces  flexation  of  the  spine, 
i.e.,  typical  OH-58  aviator  slouch.  This  places  the  spine  in  a  position 
that  increases  the  probability  of  back  pain. 

4.  If  the  backache  experienced  by  US  Amy  aviators  associated  with  the 
OH-58  helicopter  is  to  be  alleviated,  strong  consideration  should  be 
given  to  the  design  of  aircrew  seats  as  well  as  the  aircraft  control 
locations  that  are  more  compatible  with  the  anthropometry  of  US  Army 
aviators. 


5.  The  above  information  was  discussed  with  MAJ  W.  Spring  by  telephone 
on  5  October  1978.  USAABl  POC  is  Mr.  Richard  Armstrong,  Autovon 


558-3211/6504. 


u 

JNLEY  C.  KjlAPP,  MC  QY 


Colonel 


Conn  anding 
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